THE. 


JOURNAL PHYSIOLOGY. 


EDITED 


WITH THE CO-OPERATION IN ENGLAND OF | 


PROF. W. RUTHERFORD, F.R.S., or Epinsurcu; 
PROF. J. BURDON-SAN DERSON, F.R.S., or Oxrorp; 


AND IN AMERICA OF | 


PROF. H. P. BOWDITCH, or Boston; PROF. H. NEWELL MARTIN, or 
Battm™MorE; PROF. H. C. WOOD, or PHILADELPHIA ; 


MICHAEL FOSTER, M.D., F.RS., 


PROFESSOR OF PHYSIOLOGY IN THE UNIVERSITY OF CAMBRIDGE. 


Voi. VIL. 


PUBLISHED BY THE PROPRIETORS AND SOLD ON THEIR BEHALF AT THE 
CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY’S WORKS, 
ST TIBBS ROW, CAMBRIDGE, 


| Fer toad 


¢ 


3 
of 
x 
<y 
= 
‘a 
x 
» 
‘ 
a 
om 
WG 
‘ 


Cambridge : 
PRINTED BY ©. J, CLAY, M.A. & SONS, 
AT THE UNIVERSITY PRESS. 


% 
3 
Ww 
x 
“he 
¥ 
Y 
BY 
i 
a 
3 
: 


CONTENTS OF VOL. VIL 


On the Structure, Distribution and Function of the Nerves which 
innervate thé Visceral and Vascular Systems. Woe 
M.D., F.R.S. (Pls. —IV.) 


The Heart of the Fish compared with that of Senaheneahan with 
special reference to Reflex Inhibition and Cardiac 
By T. Westey Mitts, M.A.,.M.D. 


Experiments on the character of the Muscular Contractions which | 


are evoked by Excitation of the various parts of the Motor Tract. By 


Horstey, M.B., B.S., and E. A. Scuirer, F.R.S. (PL V.) . 
On the Rhythm of Muscular Response to Volitional ov in 
Man, By E. A. Scuirer, F.R.S. (PL VI.) . 


A Further Contribution regarding the Effect of Minute Quantities 


of Inorganic Salts on Structures, 8. M.D., 
F.R.S. 


Note on a Method of obtaining Uric Acid Crystals from the Mal- 
pighian Tubes of Insects and from the Nephridium of Pulmonate 
Mollusca. By C. A. MacMunn, M.A., M.D. . 


Experiments and on By 8. DE 


On the Electrical Phenomena accompanying Secretion in the Skin 
of the Frog. By W. M. Baytiss, B.Sc., and J. R. Braprorp, B.Sc, 


The Distribution of Blood Vessels in the Retinae of Mammals. 


On the Presence of Haematoporphyrin in the Integument of onrtain : 


Invertebrates, By C, A..Mac Muny, M.A., M.D, (Pl. VIIL.) . 
On the Digestive Process in some ese By M. GREENWwoop. 


PAGE 


81 
96 


111 
118 


128 
130 
217 
230 


240 


. 
3 
“a 
f 
“3 
it 
4 i 
3 
+ 
4 
% 
ay 
IS ¥ 
a 
Ag 
va 
53 a 
4 
a 
oa 
{ 


iv | CONTENTS. 


On Curare, By 8. Poutrrzer, M.A., M.D. (PL IX.). 


On the Physiological Action of — and Albumoses. By 


Further Experiments sail the Influence of small quantities of 
Lime Potassium and other Salts on Muscular Tissue, By SypNeEyY 
Ringer, M.D., F.R.S. (Pl. X.). 


Description of a Piston Recorder for Air Connections, By F. W. | 


The Liquid Piston Recorder and the Registration of its movements 
by means of Photography. By F. . . . . 


The study of Nerve-Muscular Movements ; Apparatus for their 
Automatic Enumeration. By Francis Waryer, M.D. (Pl. XI. Fig. 4.) 


On the Blood Proteids of certain Lower Vertebrata. eis W. Dz. 
HALLIBURTON, M.D., B. Se. . 


Note on the Colouring Matter of the Serum of certain Birds. 9 
W. D. Hatiisurton, M.D., B.Sc. (Pl. XII.) 


On the Nature and Action of the Venom of Poisonous Snakes. I. 


The Venom of the Indian Cobra (Naja ee By R. Norris | 


Wo tFenveN, B.A., M.D., F.C.S.. 


On the Nature and Action of the Venom of Poisonous Snakes. IT. 
A Note upon the Venom of the Indian Viper ene oc ne 
R. Norris WoLFenDEN, B.A., M.D., F.C.S. 


On ‘Cobric Acid’, a so-calléd Constituent of Cobra Venom. By 


Pepsinogen and J. N. M.A., F.R.S., and 
J. Epxrns, B.A. 


Plethysmographic intuit on the Vaso-motor Nerves of the 
Limbs. By H. P. Bowpitcu, M.D., and J. W. Warren, M.D. With 
Appendix by F. W. Enis, M.D. (Pl. 


The Electrical Changes in the Quiescent Cardiac Muscle which 


accompany Stimulation of the Nerve. W. H. M.D., 
F.R.S. 


Notes on the Urine of the Tortoise with reference to 


Acid and Urea, By T, Westey Minis, M.A..M.D. . 


A New and Delicate Method for the 
of Drugs. By T. J, M.D. . 


PAGE 


274 


283 


291 
309 
314 
316 
319 


324 
327 


357 
365 


371 
416 


451 


453 


4 
4d 
uy 
a 
a 
$ 
% 
3 
2, 4 
3 
a 
ig 
4 
Pi, 
‘sd 
3 
a 
y 
a 
1 
4 
re 
4 
§ 
\ 
+ 


1885. No. LV. 


1886, No. I. 


” 


” 


No. IL. 


No. HL 


CONTENTS. 
Proceedings of the Physiological Society. 


Mr Gorcu. The Electrical Discharge of Malapterurus elec- 
tricus. Dr W. H. Gaskett. On a Segmental 
Ganglion Cells in the Spinal Cord of the Alligator. 
CasH. Therapeutic Mitigation of Anthrax. Dr J. 
Barrett. A Microtome, and Sections of cameamin Mr E. 
CROOKSHANK. Micro-organisms 


Dr MacMuny. Myohaematin. Haematoporphyrin. Dr 
HALLIBURTON. Haemoglobin Crystals of Rodents. MR 
BraprorD. Electrical Phenomena accompanying Secretion. 
Dr S. Martin, Peptones. Dr Rineer. Deprivation of 
Lime Salts. Dr Marcer. Determination of Carbonic Acid. 
Dr McWituiam. Vagus and Fibrillar Contraction of the 
Heart. Pror. ScHArerR and Mr Horstey. Demonstration 
of Hemianesthesia of Monkeys 


Mr Gorcn. Polarisation of Nerves. Mr G. A. Buck- 
MASTER. ‘Staircase’ Contractions. Drs WALLER and REID. 
Diphasic Variations in the Ventricles. Pror. G. YEo. 
Latent Period of Skeletal Muscle. Mr F. H. Brown. 
Casein. Mr Drxzy. Sections of Ear setae Mr Laws. 


Changes in Anthrax Bacillus... 


Drs WALLER and Rep. Electric Variations of Heart. 
Dr J. Buake. Connections between Chemical Constitution 


and Physiological Action. Pror. Roy. Organisms in 


Cholera. Dr S. Martin. Gluten. Dr Tu. Casu. Peri- 
staltic Movements, Mr J. N. Lanoiey and Mr J. S. 
Epkins. Pepsinogen and Pepsin. Mr Lea. Action of 
Saliva on Starch. Dr Hi. Brain of an Idiot. Mr 
SHERRINGTON. Effects of Ligature of Optic Nerve. Dr 


PAGE 


>>> 
‘ 
ig 
Aq 
43 
* 
Bs 
al a 
4 
xxV11 
ips 
«* 
1 
i 
1x 
= 
a 
3 
2 eee 
a 
: 
i 
> 
4 


LIST OF AUTHORS. 


Barrett, J. W. The Distribution of Blood Vessels in the Retinae of 


Bayuiss, W. M., and Braprorp, J. R. On the Electrical Phenomena 


accompanying Secretion in the Skin ofthe Frog . . 


H. P., and Warren, J. W. 


on the motor Nerves of the Limbs 


BraprorpD, J. R., and Bayuiss, W. M. On the Electrical Phenomena 
accompanying Secretion in the Skin of the Frog . ; 


Epxins, J. §., and LANGLEY, J. N. Pepsinogen and Pepsin 
Exuis, F. W. Description of a Piston Recorder for Air Connections. 


Exuis, F. W. - The Liquid Piston Recorder and the a of its 
movements by means of Photography . ° eo ‘ 


GaskELL, W. H. On the Structure, Distribution and a oe of the 
Nerves which innervate the Visceral and Vascular Systems . 


Gaskett, W. H. The Electrical Changes in the Quiescent Cardiac 
‘Muscle which accompany Stimulation of the Vagus Nerve 


GREENWooD, M. On the Digestive Process in some Rhizopods 


PAGE 


230 


2 
Wy 
~ a 
a 
, 
a 
3 
g y 
16 2 
t 
| 
21 f 
4 
3 
img 
* 
, 
4, 
4 
= 
} 


LIST OF AUTHORS. 


Hatursurton, W. D. On the Blood Proteids of certain Lower Verte- 


HALLIBURTON, w. D. Note on the Colouring Matter of the Serum 


Horstey, V., and Scuarer, E. A. Experiments on the character of 
the Muscular Contractions which are evoked by Excitation of the 
various parts of the Motor Tract . 


JacrR, 8. De. Experiments and Considerations on Haemodynamics. 
J. N., and Epxivs, J. 8. Pepsinogen and Pepsin 


Mac Munn, ©. A. Note on a Method of obtaining Uric Acid Crystals 
from the Malpighian Tubes of Insects and from the Nage grscerte of 
Pulmonate Mollusca 


Mac Munn, ©. A. On the Presence of ean a reel in the 
Integument of certain Invertebrates * 


Mays, T. J. A New and Delicate Method for a the Local 
Sensory Action of Drugs 


- Mitus, T. Westey. The Heart of the Fish compared with that of 


Menobranchus with special reference to Reflex Inhibition and 


independent Cardiac Rhythm 


Mitts, T. Westey. Notes on the Urine of the Tortoise with _— 
reference to Uric Acid and Urea ; ; 


Potuitzer, 8. On Curare . 
PotiitzeR, 8. On the Physiological Action of Peptones and Albumoses 


Ringer, 8. A Further Contribution regarding the Effect of Minute 
Quantities of Inorganic Salts on Organised Structures . gers 


Ringer, 8. Further Experiments regarding the Influence of 
small quantities of Lime Potassium and other Salts on Muscular 

Scuarer, E. A., and Horstey, V. Experiments on the character of 

_ the Mcaenlak Contractions which are evoked by Excitation of the 
various parts of the Motor Tract . 


Sonirzr, E. A. On the Rhythm of Muscular Response to Volitional 


453 


274 
283 


118 


291 


96 


11] 


~ 
ee 
Vill 
x 
a ‘= 

319 

¥ 

4 
a 
cal 
130 

¥ 

is 

* 

4 
4 

q 
81 , 

¥ 
? 
a 

wal 

a 

“2a 

4 

7 

2 

fs 

2 

~ 

lg 

f 

q 

13 


villi LIST OF AUTHORS. 


WARNER, Faanots, The study of Muscular Movements ; 
ratus for their Automatic Enumeration 


Warren, J. W., and Bowpircn, H. P. 
on the Vaso-motor Nerves of the Limbs 


WoOLFENDEN, R. Norris. On the Nature and Action of the Venom of 
Poisonous Snakes, I. The Venom of the Indian Cobra — 
Tripudians). 


WOoLFENDEN, R. Norris. On the Nature and Action of the Venom of 
Poisonous Snakes. II. A Note upon the Venom of the Indian 

WoLFENDEN, R. Norris. On ‘Cobric Acid’, a so-called Constituent of 


PAGE 


316 


416 
397 


357 


365 


ue 
g 
| 
3 
4 
: "4 
5 
2 
> 
4 
4 
“4 
“4 
i 
. 
ay 
* 
+ a 
2 


ON THE STRUCTURE, DISTRIBUTION AND FUNC- 
TION OF THE NERVES WHICH INNERVATE THE 
VISCERAL AND VASCULAR SYSTEMS. By W. H. 
GASKELL, MD. FRS. (Plates I. to IV.) 


Part I, THE EFFERENT NERVES OF THE VASCULAR AND 
VISCERAL MUSCLES, 
Chapter I. The structure and distribution of these nerves. 
THE efferent nerves of the body can be. divided into groups 


according to their function, Thus we speak of the motor and inhibitory 
nerves of muscular structures, of the trophic and secretory nerves 


—- glandular structures, of the trophic nerves of the skin &c. Such 


terms represent either purely artificial and hypothetical divisions of the 
efferent nerves, or else they possess a deeper signification and describe 
real fundamental divisions of the nervous system. In the latter 
case the physiological differences must be bound up with morphological — 
differences so that a group of nerves of the same function must be 
capable of being grouped together under the same morphological laws 
of structure and distribution. The simplest example of such correlation 
between structure, distribution and function is to be found in the motor 
nerves of ordinary skeletal muscles. We know that they pass from the 
spinal cord in the anterior roots of the spinal nerves, that they consist 
of large medullated nerve fibres, and that their function remains the 
same in all parts of their course. Such nerves possess a real and 
not a hypothetical existence because the anatomical, histological and 
physiological proofs of such existence are all in harmony, and point 
to one and the same nerve structure as the motor nerve of the skeletal 
muscle. 

If the various nerves of different function which are described as 
innervating the viscera have a similar real and separate existence, then 
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9 W. H. GASKELL. 


in their case also a similar correlation must exist between their 
function and their morphological arrangement. 

I propose in a series of papers to deal with this question for all 
the different groups of nerves, classifying them according to function, 
and including afferent as well as efferent nerves. In this present. 
paper I shall confine myself to the efferent nerves. 

These may be divided into three groups as follows : 

1. Nerves of the vascular muscles. 

(a) Vaso-motor, i.e. vaso-constrictor, accelerators and augmentors 
(b) YVaso-inhibitory, i.e. vaso-dilators and ithibitors of heart. 
2. Nerves of the visceral muscles. 
(a) Viscero-motor. 
(5) Viscero-inhibitory. 

3. Glandular nerves. 

I propose at present to deal aliteths with the efferent nerves of the 
vascular and visceral muscles, leaving the glandular nerves to be 
considered more fully in a subsequent paper. 

In any attempt to trace out the relation existing between the 
structure, distribution and function of these nerves it is advisable in 
the first instance to confine oneself to the same animal. I have 
therefore limited myself to the dog, choosing this animal as my type — 
partly because of the close resemblances between the distribution 
of its nerves and that of the nerves of man, and partly because our 
knowledge of the functions of the majority of the visceral nerves is 
based upon experiments conducted upon this animal. ; 

The distribution of the visceral nerves in the dog, in their course 
from the central nervous system to the periphery, is most conveniently 
and systematically described by their division into three regions, viz. 
(1) those which arise from the thoracic portion of the spinal cord, (2) 
those which arise above that region, and (3) those which arise below it. 


SecTION 1. ave nerves of the thoracic region. 


In the thoracic region we find the typical spinal nerve of 
the morphologist with its division inte three branches, dorsal, ventral 
and visceral. The visceral branch or ramus communicans passes from 
the spinal nerve into the main sympathetic chain, i.e. into a chain 
of ganglia which lie close against the bodies of the vertebra and may be 
called the chain of vertebral or lateral ganglia. From this chain 
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STRUCTURE AND FUNCTION OF VISCERAL NERVES. 3 


nerves pass into a second line of ganglia, viz. the semilunar, inf. 
mesenteric &c., which are prevertebral in position, are connected 
together into a more or less distinct chain, and may be called the 
chain of prevertebral or collateral ganglia; the nerves which 
pass from the lateral to the collateral chains may be calledyafter 
Milne Edwards’ the rami efferentes. From this chain again nerves 
pass to the organs themselves and, in the tissue of or in the immediate 
neighbourhood of the organs, are again in connection with ganglion 
cells which may be described as the terminal ganglia. : 
In addition to these various sets of ganglia, we have the ganglia of 
the posterior roots or root ganglia, with which it is possible for the 
visceral nerves to have connection. We have therefore four sets of 
ganglia in possible connection with each ramus visceralis, two of which, 
viz. the root ganglia and the lateral ganglia, may be spoken of as 
proximal, and two, the collateral and terminal ganglia, as distal. 
Further, although the ramus visceralis of the morphologist is 
definite in its meaning, the same cannot be said of the ramus 
communicans of the physiologist. By the latter term physiologists and 
anatomists include as pointed out by Onodi’ two distinct structures, the 
one composed mainly of medullated, and the other of non-medullated 
nerve-fibres, We can in fact in the thoracic region speak of each 
ramus communicans as composed of two parts, a white and grey ramus. 
The distribution of the white ramus. The medullated fibres of the 
white ramus communicans can be traced in the one direction into 
both the anterior and posterior roots of the corresponding spinal nerve ; 
in the other direction partly into the main sympathetic chain or chain 
of lateral ganglia, partly as pointed out by Onodi into the nerves | 
forming the splanchnics, and so to the chain of collateral ganglia, 
without entering into connection with the ganglia of the lateral chain. 
Further, these white rami communicantes are only found in con- 
nection with a limited region of the spinal cord. On Plate III. Fig. 1, I 
give a figure representing somewhat diagrammatically the arrangement 
of the visceral nerves in the dog; the rami communicantes are coloured 
red and blue respectively according as they are composed mainly 
of medullated or non-medullated nerve fibres. 
The first white ramus is found in connection with the 10th soiaal 
nerve, Le, the second thoracic nerve, the last in connection with 
the 25th spinal or 2nd lumbar nerve. Above and below these two 


1 Lecons sur la physiologie, Tome x1. p. 337. 
* Archiv f. Anat, u Physiol, Anat. Abtheil, 1884, p. 145. 
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limits the rami communicantes belong exclusively to the grey group. 
Thus the radia brevis and longa or vertebralis from the first thoracic 
ganglion or ganglion stellatum, the so-called rami communicantes 
of the inferior and superior cervical ganglia, the rami communicantes of 
the lower lumbar and sacral nerves all show the same structure as 
the grey rami, and belong therefore to that group and not to the group 


of white rami‘. 


Further, the arrangement of the white rami is peculiar; the white 
rami of the 10th, 11th, 12th, 13th nerves (2nd, 3rd, 4th, 5th thoracic) are, 
- as noticed by Dastre and Morat® and Onodi’*, directed upwards, those 
below the 5th thoracic are directed mainly downwards. The reason for 
this difference of direction is evident. Most of the upward directed 
fibres can be traced over the ganglion stellatum along the two branches 
of the annulus of Vieussens past the inferior cervical ganglion along the 
cervical sympathetic up to the superior cervical ganglion ; while those 
which are directed downwards pass off largely from the lateral chain of 
ganglia to form the splanchnic nerves. Further, as we pass down the 
lateral chain of ganglia into the sacral region we find again, as Onodi* 
has noticed, that the medullated fibres in that chain become fewer and 
fewer, so that in the sacral ganglia themselves we have at last only non- 
medullated fibres present. 

In fact the white rami communicantes are see by an 
outflow of medullated nerves from both anterior and posterior 
roots of the spinal nerves between the second thoracic and 
second lumbar inclusive, which medullated nerves pass not 
only into their metameric sympathetic (lateral) ganglia, but 
also form three main streams, upwards into the cervical 
ganglia, downwards into the lumbar and sacral ganglia, and 
outwards into the collateral ganglia. 

The distribution of the grey ramus. If we turn our attention now 
to the grey rami communicantes we find that in their distribution as 
well as in their structure they differ markedly from the white rami. 
In the first place each grey ramus is intimately connected with its 
corresponding lateral ganglion, its fibres are directly in connection with 
the nerve cells of that ganglion, none of its nerve fibres pass over the 

41.N.B. In the preliminary communication to this paper (Proceedings of Physiological 
Society, Feb. 14, 1885) I said that the first white ramus belonged to the Ist thoracic 
nerve. Subsequent dissection and more careful counting has shown that in all cases the 


nerve in question is the 10th spinal nerve ; i.e. the 2nd not the 1st thoracic, 
2 Systéme nerveux vaso-moteur, Paris, 1884, 


3 Up. cit. | 4 Op. cit. p. 163. 
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STRUCTURE AND FUNCTION OF VISCERAL NERVES. 5 


ganglion to proceed to more distant parts as in the case of the white 
rami; further, as we trace this grey ramus towards its corresponding 
spinal nerve we find that it usually sends off branches which ramify in 
the connective tissue overlying the vertebra. It is on these branches — 
that the accessory ganglia noticed in anatomical works have been 
found. Such branches may be so numerous, that ultimately, when 
the spinal nerve is reached, the originally thick grey ramus is reduced 
to the finest thread of fibres, which becomes lost on the sheath or 
among the fibres of the spinal nerve itself. In other cases, and this 
is especially evident with the grey rami of the brachial and sciatic 
plexuses, the non-medullated fibres can be followed easily into the 
spinal nerve itself, where they can be seen to divide into two directions, © 
the one set passing peripherally, the other centrally. Of the non- 
medullated nerves which pass centralwards, most of them pass into 
the sheath of the nerve and are lost in the dense layers of connective 
tissue found in connection with the inter-vertebral foramen. Some few 
may still pass centralwards into the spinal nerve itself, and so be 
connected with the central nervous system. As it was impossible to 
trace them directly, I determined to decide this question by the 
examination of the structure of the anterior and posterior roots after 
careful staining with osmic acid. The roots of each spinal nerve can be 
divided into two separate portions, the part between the dura mater 
and the cord, and the part between the dura mater and the root 
ganglion. The former portion is formed by a series of separate rootlets 
which upon penetrating the dura mater receive a connective tissue 
investment, and combine together to form the distinctive anterior or 
posterior root. 

No great distinction exists between the structure of the anterior 
root outside the dura mater and any one of its rootlets within the dura 
mater; a slightly greater amount of connective tissue is found investing 
and penetrating between the medullated nerve fibres of the former than 
of the latter; in neither is there the slightest trace of any non-medul- 
lated fibres to be fuund. In the posterior roots (outside the dura mater), 
on the other hand (as pointed out by Reissner)’, a considerable amount 
of connective tissue can be seen in between the medullated fibres, and 
appearances indicative of non-medullated nerve fibres are apparent in 
this connective tissue matrix when sections of the roots are examined. 
If however the posterior rootlets (inside the dura mater) be examined, 


' Reichert’s Archiv, 1862, p. 125. 
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_ then it is seen that the connective tissue matrix has disappeared almost 


entirely, and with it have passed away all traces of non-medullated 
fibres ; the medullated fibres of the postcrior rootlets between the dura 


mater and the cord stand out nearly as clear from admixture with 


foreign elements as those of the anterior rootlets. Again, by means of a 
series of sections cut through the posterior roots with the dura mater 
left in situ, it is easy to see how the connective tissue matrix with its 


included non-medullated fibres separates out from among the medullated 


nerves of the roots and passes away into the dura mater itself. Simi- 
larly, doubtless the small remnant found in the posterior rootlets them- 
selves passes off into the pia mater and arachnoid membranes. 

I can therefore assert confidently that no non-medullated nerves 
leave the central nervous system either in the posterior or in the 
anterior roots, any such nerves being in reality peripheral nerves for the 
supply of the spinal membranes, 

Putting together all the facts mentioned, the conclusion is evident 


that the grey rami communicantes spring from the ganglia of the lateral 


chain and pass peripherally to supply the corresponding spinal nerves 
together with the vertebre’ and spinal membranes. They are in fact 
peripheral nerves of the same kind as many others which arise from the 
chain of lateral ganglia. 

So far we arrive at this important conclusion. 

The white rami communicantes alone constitute the rami 
viscerales of the morphologist. The outflow of visceral nerves 
from the central nervous system into the so-called sympa- 
thetic system takes place by their means alone, and is 
therefore limited in the thoracic region to that part of the 
spinal cord which is included between the origins of the 
10th and 25th (2nd thoracic and 2nd lumbar) nerves in- 
clusive. 

Further, in strict accordance with the limits of these thoracic white 
rami we find a marked change of structure in the roots of the spinal 
nerves, This change is most pronounced in the anterior roots, and in 
my description I shall therefore confine myself to them. In the anterior 
roots of the cervical nerves we find upon section of osmic preparations 
nerve fibres of varying sizes, see Pl. I. Fig. 3, most of which are 
of large calibre, varying from 14°4 ~ to 19 w or larger. Scattered in 


among these we find others of smaller size and here and there, not 


1 Luschke quoted in Henle, Anatom. d. Mensch. 
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grouped together but isolated among the others, a few fine fibres which 
are never less than 3°6 », the commonest size for these, the smallest 
fibres to be found in these roots, being from 45 w to 54 yp. Such a 
description holds good for the anterior roots of the first 9 spinal nerves ; 
the anterior root of the 10th nerve (2nd thoracic) is however markedly 
different; suddenly in this root large numbers of medullated nerves 
make their appearance of a finer calibre than the smallest of those in 
the preceding groups; fibres of sizes varying from 1°8 yw to 2°7 mw occur 
in large quantities arranged together in groups which include a few as 
large as 3°6 w. These bundles of the very finest fibres lie in among fibres 
of the same size as those which occur in the preceding roots; here too 
fibres corresponding in size to those of the smallest which are found in 
those roots are still present in the same isolated manner as before. In 
fact the anterior root of the 10th nerve differs from that of the 9th nerve 
(see Figs. 7, 6, Pl. II.) neither in the size nor arrangement of its largest 
nerve fibres but in the one fact that it contains something new, something 
which is wanting in the anterior roots of the preceding nerves, viz. 
bundles of finest medullated nerve fibres’. | 

An examination of the anterior roots below the 10th (2nd thoracic) 
shows that the same bundles of exceedingly fine medullated nerves 
are present in these roots until we arrive at the 26th (3rd lumbar) 
nerve. Here again we find a return to the structure of the cervical 
anterior roots; the bundles of the finest fibres have entirely dis- 
appeared. 

A comparison of these roots between the 10th and 25th nerves 
brings out the further fact, that whereas these bundles come in at the 
10th root with great suddenness and in large numbers they thin down 
in numbers more gradually as they approach the lower limit; root 23 
(last thoracic) contains them in large quantities; in roots 24 (1st lumbar) 
they are certainly fewer in number, and in root 25th they are fewest of 
all. In accordance with this variation in the amount of these nerves in 
the anterior roots we find that the white ramus communicuns of the 10th 


nerve is one of the largest of all, while those of the 24th and 25th are - 


the thinnest and most inconspicuous. Finally, the part which these 
bundles of very fine medullated nerves play in the formation of the 
ramus visceralis is proved absolutely by the facts that they can be traced 
into the white ramus communicans, and that the structure of the latter 
is almost entirely composed of such fibres. 


_ 1 Reissner (Op. cit) notices this peculiarity of the anterior roots in the thoracic 
region, without however giving any explanation of it. 
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In Pl. II. Figs. 8, 9, I give a drawing of the white ramus com- 
municans of the 11th nerve (3rd thoracic) together with a drawing 
' of the ramus communicans (typical grey) of the 26th nerve (3rd 
lumbar). 

In the first we see that almost all the fibres are medullated of the 
very finest size with a few larger medullated fibres and a small amount 
of non-medullated. In the 2nd almost all the fibres are non-medullated; 
a few large medullated are scattered here and there, no groups of fine 
medullated are to be found. 

Further, we can trace these same fine medullated fibres along the 
lines of outflow of the thoracic visceral nerves, : 

Upwards the same bundles of medullated nerve fibres of the same 
extreme fineness of calibre constitute the main portion of the annulus 
of Vieussens ; they can be traced as a fine white nerve within the sheath 
of the conjoint vago-sympathetic into the superior cervical ganglion ; 
here they are lost. and can be traced no further. The other nerves with 
which this ganglion is in connection are without exception mainly 
_ composed of non-medullated fibres with stray medullated ones among 

them. 

Downwards they foun the main sympathetic or lateral chain, thinning 
off in number as we examine the lower portion of the chain until in the 
sacral ganglia and their connections they finally disappear. 

Outwards they pass over the lateral ganglia to form the main portion 
of the splanchnic nerves and the other rami efferentes and thus pass into 
the collateral ganglia, beyond which again they cannot be traced.. 

So far then I have demonstrated that an outflow of visceral 
nerves takes place from the central nervous system between — 
the 2nd thoracic and 2nd lumbar nerves, which visceral nerves | 
can be recognized not merely by the presence of white rami 
communicantes but also by the smallness in calibre of the 
visceral nerve fibres. 

We come now to the examination of the distribution of the visceral 
nerves above and below this region, and first, because it is simplest, I _ 
take the region below, that is the lumbo-sacral region. 


Section II. The nerves of the lwmbo-sacral region. 


As already mentioned the anterior roots of the 26th nerves (3rd 
lumbar) resemble in their structure those of the cervical nerves; so too do 
those of the 27th, 28th and 29th (4th, 5th lumbar and 1st sacral) nerves, 
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~ When however we reach the 30th and 31st (2nd and 3rd sacral) roots we 


find again an inflow of nerve fibres of the smallest calibre; tracing these 
outwards we find that they leave the 2nd and 3rd sacral nerves to 
constitute the main portion of the nervi erigentes. These nerves, as is 
well known, pass directly to the hypogastric plexus without commu- 
nicating with the lateral chain of ganglia ; from the hypogastric plexus 
they send branches in two directions, upwards to the inferior mesenteric 
ganglion, downwards to the bladder, rectum and generative organs. They 
resemble therefore, in their structure, in their method of formation and in 
their passage directly to the collateral ganglia without entering into the 
lateral ganglia, the medullated nerve portion of the splanchnic nerves ; 
they constitute the rami viscerales of the sacral region, and differ from 
the corresponding rami viscerales of the thoracic region simply in the 
fact that they pass directly into the ganglia of the collateral chain alone, 
whereas the latter communicate directly with the ganglia of both the 
lateral and collateral chains. 

Seeing then the importance of these nerves in any consideration of 
the visceral nervous system, their resemblance to the splanchnics and the 
ditferences of function of the fibres of which they are composed, it will be — 
better to designate them by some more general title than nervi erigenies. 


_ I propose therefore to call them the pelvic splanchnic nerves. In 


accordance with this term I would call the rami efferentes which pass 
downwards to the semilunar and inferior mesenteric ganglia in connection 
with the thoracic outflow of visceral nerves the abdominal splanchnic 
nerves, and those which pass upwards to the superior cervical ganglion 


_ and constitute the cervical sympathetic, the cervical splanchnic nerves. 


In the sacral region then we find another outflow of visceral nerves 
which similarly to those of the thoracic region can be traced to their 
respective ganglia, i.e. the ganglia of the hypogastric plexus and the 
inferior mesenteric ganglia, and can be recognized by the characteristic 


size of their medullated nerve fibres. (Cf. Pl. IIT. Fig. 1.) 


Section III. Nerves of the cervico-cranial region. 


If we now turn our attention to the region above the thorax we 


' find, as already mentioned, that the anterior roots of the upper spinal 


nerves do not contain any bundles of medullated fibres of the smallest 
calibre, and in accordance with this fact they do not give rise to any 
white ramus communicans. In other words, with the absence of the 
characteristic nerve fibres in the roots we find a coincident absence of 
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rami viscerales. Before however we can conclude that the cervical — 
nerves are devoid of rami viscerales and that therefore they divide only 
into two branches, dorsal and ventral, we must be sure that our 
examination includes the whole of each cervical nerve. Now, as is well 
known, each of the upper cervical metameres gives origin not only to the 
anterior and posterior roots of the corresponding cervical nerve but also 
to the roots of the spinal accessory; roots which from their origin and 
position we may provisionally call lateral. We must therefore in our 
search for the cervical rami viscerales examine not only the anterior and — 
posterior but also the lateral roots of these nerves. 

In Pl. IV. Fig. 7, I give a picture of a section of the spinal accessory 


_ just before it reaches the ganglion jugulare of the vagus. The roots of 


the medullary portion of the accessory and of the vagus were carefully 
hardened in situ with osmic acid, the whole with a portion of the 
medulla oblongata removed, imbedded in paraffin, and “ribbons” of 
consecutive sections made through the whole of the nerve roots from the 
medulla oblongata up to and beyond the ganglion trunci vagi. The 
whole series of sections was mounted in order, every nerve fibre was 
well stained and remained on the slide in the exact position it occupied 
when imbedded. In PI. II. Fig. 10, the arrangement of the — when 
imbedded is reproduced. 

The figure shows that the spinal accessory is divided into two distinct 
portions, the one (A) composed of large medullated fibres with a few 
isolated medium sized ones among them, the whole of that portion being 
remarkably free from connective tissue ; the other portion (V) composed 
mainly of the smallest medullated fibres among which are a few large 
ones imbedded in a conspicuous matrix of connective tissue. As we pass 
downwards in our examination of the roots of the spinal accessory we find 
that the portion which contains these very fine medullated fibres is 
formed by the upper roots of the nerve, i. e. by roots which arise with the 
vagus, and with the Ist, 2nd and probably 3rd cervical nerves. As yet I 
have not traced the lower limit of origin of these fine fibres. In Pl. I. 
Figs. 1, 2, I give an accurate representation of one of the medullary roots 
and of the large fibred portion of the nerve. 

In this portion of the spinal accessory then we again meet with 
bundles of the same fine medullated nerve fibres which we have 
found to characterize the ramus visceralis in the thoracic and sacral 
regions. 

Further, if we follow the series of sections in the outward direction, 
i.e. towards the ganglion trunci vagi, we find that the whole accessory 
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nerve passes by the ganglion jugulare vagi and then divides into two 


branches, the external and internal branch. The external branch which 
supplies the sterno-cleido-mastoid and trapezius muscles and joins the 
cervical plexus carries off the whole of the large-fibre portion (A) of the 
nerve. The internal branch (V) with its bundles of visceral small fibres — 
passes into the vagus and can be traced directly into the ganglion trunci 
vagi. 

We see then that in its formation and in its connection with the 
ganglion trunci vagi we can look upon the internal branch of the 
spinal accessory as formed by the rami viscerales of the 
upper cervical and vagus nerves. 

Further, in the roots of the vagus itself and of the glossopharyngeal, 
we find again these bundles of small fibres in connection with the ganglion 
trunci vagi and ganglion petrosum respectively. 

So too they are present in the chorda tympani, small petrosal and 
other cranial visceral nerves. 

We can therefore speak of an outburst of visceral nerves in the upper 
cervical and cranial region of the same character as those in the thoracic 


_and sacral regions. (Cf. Pl. III. Fig. 1.) 


As I am desirous in this part of my paper to follow out the further 
course of these fine medullated nerves in connection with their function, 
I do not think it advisable to discuss here the homologies between 
spinal and cranial nerves, and will therefore leave the morphology of the 


cranial nerves to be dealt with subsequently. In an appendix to this 


paper I propose to treat more fully of the nature of the vagus and 
glossopharyngeal nerves, | 

‘We can sum up the distribution of visceral nerves so far as follows: 

They issue from the central nervous system in definite 
sacral, thoracic and cervico-cranial regions. 

From these regions they pass out into the ganglia of the 
visceral system. 

From the sacral region they pass out in a single stream ~ 
to the ganglia of the collateral chain. 

From the thoracic region they pass out in a double stream, 
one to the ganglia of the lateral chain, the other to the 
ganglia of the collateral chain. 

From the upper cervical region they pass out in a single 
stream to the ganglia on the main stems of the vagus and 
glossopharyngeal nerves. 

The next step is to trace these nerves to their destination beyond 
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these ganglia. As however it is hopeless at present to follow any nerve 
or group of nerve-fibres through a mass of ganglion cells with which it 
is in connection, it is impossible by simple anatomical investigation to 
trace these nerves further; the course of a nerve-fibre can however be 
traced by its physiological action as well as by its histological characters; 
the further search must combine together the facts obtained from physio- 
logical experimentation with the records of anatomy and histology. 
_ Seeing then that we must of necessity turn now from the considera- 
tion of the visceral nerves as a whole to the distribution of nerves of 
particular function, I have thought it best to arrange the further sections 
_of this paper in accordance with special function rather than with special 
anatomical regions. Such an arrangement leads naturally to two great 
groupings into motor and inhibitory nerves respectively; I shall there- 
fore commence with the vaso-motor nerves, including in this term, as 
already mentioned, the vaso-constrictor nerves and those which augment 
and accelerate the action of the heart. | 


Section IV. On the structure and distribution of the vaso-motor 
(vaso-constrictur, and augmentor, accelerator) nerves. (Pl. III. Fig. 2.) 


We know with absvlute certainty that the origin of all vasomotor 
nerves is to be found in the central nervous system ; stimulation of the 
spinal cord is able to cause both augmentation and acceleration of the 
heart’s action, and constriction of blood-vessels in all parts of the body ; 
we know further that such nerves leave the spinal cord in anterior roots, 
from which they pass to the sympathetic system and are thence distri- 
buted to the heart and blood-vessels of the body. 

Again, if we confine our attention for the moment to the cardiac 

(accelerator, augmentor) nerves of this group, we find from the experi- | 

ments of Stricker and Wagner’ that they are to be found in the main 
sympathetic (lateral) chain below the ganglion stellatum, and that they _ 
increase in number as the ganglion stellatum is approached. Seeing 
then that they leave the cord in anterior roots (in the frog in the anterior _ 
root of the 3rd nerve), that they pass from below upwards into the 
ganglion stellatum, it follows (because the anterior roots contain only 
medullated fibres) that they pass out from the central nervous system 
in the white rami (or rami viscerales) of the 2nd, 3rd and lower thoracic 
nerves, and that therefore in their passage to the ganglia of the lateral 
chain they are recognisable as forming part of those bundles of very fine 


1 Sitzb. der k. Akad, der Wissensch. 1878. 
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medullated nerve-tibres which we have already found to form the ramus 
visceralis and to be characteristic of the anterior roots in this region. 

From the ganglion stellatum they either pass directly to the heart or 
else reach that organ from the annulus of a and the inf. cervical 
ganglion. 

When examined in their passage from these white they are found 
to be without exception non-medullated. I know no other bundle of 
nerve-fibres possessing a definite function which are so completely free 
from medullated fibres, large or small, as these cardiac nerves. Prepara- 
tions obtained from the rabbit are specially instructive since in this 
animal the depressor nerve can be easily traced. When the so-called 
accelerators are examined near the heart both medullated and non- 
medullated fibres are found in them; upon tracing these further along 
towards the inf. cerv. ganglion it is easily seen that all the medullated 
fibres pass off into the depressor while non-medullated alone rise from 
the inf. cerv. ganglion. 

Further, as I have previously shown’, the course of these nerves is 


exceedingly constant; in all animals which I have observed they arise 
from that ganglion which I in conjunction with H. Gadow? have called 


the ganglion cardiacum basale. This corresponds in the mammal to the 
ganglion stellatum. 

It follows therefore nnisdenls that nerve fibres possessing the 
same function pass into this ganglion in the form of fine medullated 
fibres and pass.out of it as non-medullated fibres. One conclusion only 
is possible, viz. that these fibres are the same, and that they have lost 
their medulla in the ganglion. 

What is true of the cardiac accelerator nerves is true also of the 
vaso-constrictor nerves; everywhere we find the same evidence that 
they pass into the lateral chain of ganglia by way of the rami viscerales, 
and are therefore in this part of their course fine white medullated 
nerves; and pass from that chain to the various parts of the body as 
non-medullated nerves in the grey rami communicantes, or in other 


peripheral nerves. 


Thus Cyon* has shown that the vaso-constrictor nerves for the 
anterior extremity pass out of the cord below the origin of the roots of 
the brachial nerves in the anterior roots of the 2nd and subsequent 


thoracic nerves and reach the brachial plexus by way of the ganglion 


1 This Journ. Vol. v. p. 46. 
2 This Journ. Vol. v. p. 362. 
> Ludwig’s Arbeiten, 1868. 
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stellatum, In their passage therefore to the lateral chain of ganglia, 
they must be included among the bundles of the finest medullated fibres 
already mentioned in the anterior roots and white rami of this region ; 
while from the ganglion stellatum, the only path by which they can 
reach the nerves of the brachial plexus is through the grey rami of the 
radia brevis and radix longa; therefore in this part of their course they 
must have become converted into non-medullated fibres. 

Similarly Heidenhain and Ostroumoff* have shown that the 
vaso-constrictor nerves for the foot leave the spinal cord to reach the 
sympathetic high up above the origin of the roots of the sciatic, and 
reach the sciatic nerves by way of the abdominal sympathetic chain. 
- These nerves therefore must pass into the sciatic plexus by way of the 
grey rami communicantes of the nerves forming that plexus, and must 
therefore leave the lateral chain of ganglia as non-medullated fibres, 
while they pass out of the central nervous system in the anterior roots 
of the lower dorsal and upper lumbar nerves and therefore pass into the 
lateral chain among the fine medullated nerves of the white rami 
communicantes. 

These three instances alone are sufficient to prove that the vaso- 
motor nerves lose their medulla in the ganglia of the lateral chain ; 
_ further evidence is given by the mere presence of grey rami such as the 
ramus vertebralis which accompanies the vertebral artery, and those 
already described which branch to supply the vertebree and membranes 
of the cord accompanying the blood vessels of those parts. 

_ Again, the known paths for the vaso-constrictor nerves of the head 
and neck, and for the abdominal organs, point strongly to the conclu- 
sion that the laws of their distribution are the same as in all other cases. 

The cervical sympathetic nerves, or cervical splanchnics, on the one 
hand, and the abdominal splanchnics on the other are we know from 
the experience of physiology the main channels of the vaso-constrictor 
nerves of the two regions respectively. ._The blood vessels of the face, of 
the ear, of the eye, of the salivary glands, of the tongue, even of the 
membranes of the brain all receive their vaso-constrictor nerves by the 
path of the cervical sympathetic (cervical splanchnics). The blood 
vessels of every organ in the abdomen receive their motor nerves from 
the abdominal splanchnics, Le. from the splanchnic nerves or from the 
corresponding rami efferentes of the upper lumbar ganglia. 

The vaso-motor nerves therefore fur the head and neck as well as for 
the abdomen leave the spinal cord as fine medullated nerves in the 


1 Pfliiger’s Archiv, Bd. xu. s. 219, 
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rami viscerales of the thoracic region, and in all probability pass from 
the chain of lateral ganglia as the non-medullated fibres which are 
found both in. the abdominal and cervical splanchnic nerves. 

These nerves are doubtless connected also with the collateral 
abdominal ganglia and with the sup. cervical ganglion respectively ; the 
difference between the effects of mere section of the cervical sym- 
pathetic and of ablation of the sup. cervical ganglion points distinctly to 
such a conclusion, Such a connection with two sets of ganglia need 
cause n9 surprise, for accessory ganglia are present in the course of the 
non-medullated cardiac nerves and in the branches of the grey rami 
communicantes, so that it is a common occurrence for ganglion cells to 
be formed in. connection with purely non-medullated fibres. Also the 
lowermost ganglia of the lateral chain itself are oe” to Onodi in 
connection only with non-medullated fibres. 

It is therefore highly probable that the non-medullated vaso-motor 
nerves after they have lost their medulla in the lateral ganglia are in 
connection with other ganglion cells before they reach their destination 
in the muscles of the vascular system. 

So far we can sum up the results obtained as follows : 

Vaso-motor nerves for all parts of the body can be traced 
as bundles of the finest medullated fibres (varying in size 
from 184 to 36) in the anterior roots of all the spinal 
nerves between the 10th and 25th (2nd thoracic and 2nd 
lumbar) inclusive, along the corresponding ramus visceralis 
to the ganglia of the lateral chain (main sympathetic chain) 
where they become non-medullated, and are thence distri- 
buted to their destination either directly or after com- 


munication with other ganglia. 


The above statement holds good for all those cases where undoubted 
vaso-motor action has been discovered by physiological experiment, and 


. so-striking is the consensus between the anatomical paths, the histologi- 


cal features and the physiological action of these nerves, that I am 
inclined boldly to assert that in mammals all the vaso-motor nerves of 
the body of necessity leave the central nervous system in the outflowing 
stream of visceral fibres which occurs between the 2nd thoracic and 2nd 
lumbar nerves; that they all pass in that branch of the stream which 
is in connection with the lateral ganglia and lose their medulla in these 
ganglia. This chain might therefore most appropriately be called the 


main sympathetic chain, 
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As however vaso-motor nerves have been asserted to leave the central 
nervous system by other paths, it is necessary to examine the evidence 
in their favour and see whether or no such nerves are absolutely 
confined within the limits assigned by me. In other words, is there any 
incontrovertible evidence that they pass out of the central nervous 
system in the roots of the cranial, sacral or cervical nerves ? 

Of all the cranial nerves two only have been accredited with the 
possession of vaso-motor fibres—the trigeminal and vagus—and of these 
two the evidence for the presence of such nerves in the former is based 
purely upon the vascular changes which occur in the eye in connection 
with the degenerative phenomena observed in the cornea after section 
of the trigeminal; the changes in question are of interest in connection 
with the question of trophic nerves and the effect upon the cornea of 
the removal of the sensory fibres for the eye, but clearly are insufficient 
to establish the existence of motor vascular nerves in the roots of the 
trigeminal. We are then reduced to the vagus in our search for cranial 
vaso-motor nerves. 

This nerve has been supposed to contain such fibres for the heart, 
lungs, stomach and spleen; yet it can be safely asserted that in no single 
case is the evidence as clear and unmistakeable as in the case of all 

true vaso-motor nerves. 

| The supposed vaso-motor influence of the vagus upon the lungs is 
like that of the trigeminus upon the eye based simply upon hyperemia 
of the lungs following section of the vagi, an hyperemia which must be 
dissociated clearly from the degenerative changes following the section 
before we can discuss it as giving evidence of motor action. Again, 
hyperemia of the stomach has been observed in consequence of section 
of the vagi, but in order to prove that hyperzmia is due to the section of 
motor vascular nerves, this effect of section ought to be supplemented 
by evidence of the opposite effect, viz., anemia upon stimulation of the 
peripheral vagus fibres; an observation which as far as 1 know has 
never been made, although the effect of stimulation of the splanchnic 
nerves shows how easily such anemia can be observed. 

As far as the heart is concerned the vagus is no longer supposed to 
contain vaso-motor fibres for the coronary arteries although still supposed 
to contain accelerator fibres for the heart itself. The evidence for such 
accelerator fibres is mainly based upon the stimulation of the vagus 
nerve in the frog where, as I have pointed out’, the true accelerator 


1 Loe, cit. 
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fibres run conjointly with the inhibitory to the heart. In other cases 
the evidence is given by such observations as those of Panum, Gianuzzi, 
Traube’, &c, which show that in weakly-beating hearts stimulation of 
the vagus may bring about an increase in both rate and strength. 
Such observations do not prove the presence of accelerator fibres but; 
as will be pointed out in a later section, illustrate one of the most 
important effects of the stimulation of the inhibitory cardiac fibres. 

Finally we come to the observations of Roy’ that the vagus contains 
vaso-motor nerves for the spleen. In his paper he speaks of vaso- 
motor impulses passing from both vagus and splanchnic nerves to the 
spleen. His observations are based not on direct observation of the 
splenic blood-vessels but on the changes of volume in the spleen 
itself. The diminution of volume therefore which occurs upon stimu- 
lation of the vagus may be due to one of two causes, either to 
contraction of blood-vessels or to contraction of the intrinsic splenic 
muscles. Roy has pointed out that the spleen is a rhythmically 
contractile organ, and that such contractions are independent of those 
rhythmical vascular contractions which show themselves as the well- — 
known Traube-Hering curves; such contractions are therefore in all 
probability due to the contraction of the splenic muscle fibres, and 
demonstrate the great diminution of volume which can result in that 
organ from the action of such muscles. If the vagus therefore is the 
motor nerve to these muscles—an assumption which is strictly in 
accordance with one of the main functions of that nerve—the diminution 
of volume observed by Roy upon its stimulation is fully accounted for 
without the assumption that it contains vaso-motor fibres. 

We may conclude then that no satisfactory evidence has yet been 


.given for the presence of vaso-mutor nerves in the roots of the cranial 


nerves ; the same absence of evidence is visible at the other cutroenity of 
the nervous system. 

The observations of Eckhard and subsequent observers have proved 
without doubt that that stream of visceral fibres which passes out of the 
sacral region and forms the nerves called by them nervi erigentes (to 
which I have given the name of pelvic splanchnic nerves) contains motor 
nerves for the longitudinal muscles of the rectum, bladder and uterus, 
dilator nerves for the blood-vessels of the erectile tissue of the penis, 
motor nerves for Houston’s muscle, secretory nerves for the prostate 


1 Cf, Aubert, Hermann’s Handb. Bd, rv. 8. 384, 
2 This Journ. Vol, rm. p. 203. 
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gland, inhibitory nerves for the circular muscles of the rectum (Fellner 
and v. Basch)’; but no observer has as yet discovered that it contains 
a single motor nerve for any blood-vessel. On the other hand, the 
vaso-motor nerves for the penis are known to run in the n. pudendus 
communis, a branch of the sciatic plexus, and doubtless enter this nerve 
_ by means of the grey rami communicantes which pass from the chain of 
vaso-motor ganglia into the nerves of this plexus. 

We have left for consideration the question whether any eeilinee: 
exists to show that vaso-motor nerves pass out directly in the roots of 
the cervical, brachial, or sciatic plexuses. There is evidence sufficient to 
make it highly probable if not certain that the roots of the nerves which 
supply the extremities do themselves contain nerve fibres which can be 
called vascular. As however the proofs of their existence make it at 
the same time probable that they belong to the group of vaso-dilator, ie. 
vaso-inhibitory, rather than of vaso-constrictor nerves, I shall postpone 
their consideration until I reach the section which treats of the inhibitory 
nerves of the vascular system. 

One single fact. remains which is applicable to only one kind of 
animal, viz. that the great auricular nerve of the rabbit contains 
vaso-motor nerves for the blood-vessels of the ear. I am unable 
however to find in the literature of the subject that such nerves have 
been traced into the roots of the cervical auricular nerves; and, seeing 
the plentiful supply of vaso-motor fibres which pass to the cervical 
nerves by way of the sup. cerv. ganglion and the nervi vertebrales, it is 
not unreasonable to suppose that the cervical auricular nerves obtain 
their supply from these two sources and not directly from the cervical 
region of the cord. 


Suction V. On the structure and distribution of the viscero-motor 
nerves. Pl. IIL Fig. & 


If we pass now to the second group of motor nerves, viz. the viscero- 
motor, we see at the outset that the nerves of the alimentary canal and 
its appendages can be divided into two groups, those which supply the 
longitudinal and circular muscles respectively ; of these two divisions it 
is well known that throughout the greater portion of the alimentary 
tract the vagus supplies the motor fibres for the latter layer of muscles, 
causing when stimulated the well-known peristaltic movements. Such 
peristaltic contractions of the cesophagus, stomach and intestines can be 


1 Med. Jahrb, d. Ges. d, Aerzte, Wien, 1883. 
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excited by vagus stimulation whether the stimulus be applied to the 
roots of the nerve as they leave the medulla or to the main trunk in 
any part of its cervical or thoracic course. Such nerves then must form 
part of the cervico-cranial outflow of visceral nerves and leave the 
central nervous system in the roots of such nerves as the accessory, 
vagus and glossopharyngeal. In these roots, as has been already 
demonstrated, they are recognizable as medullated nerve fibres. 
Again, an examination of the vagus nerves at their entrance into the 
diaphragm shows that they are here composed almost entirely of non- 
medullated fibres; so overwhelming indeed is the proportion of non- 
-medullated to medullated (whether large or small) in this part of the 
nerve that no doubt whatever can exist but that the motor nerves of the 
stomach and intestines must be included among these non-medullated 
fibres. In other words, nerves which at their origin were medullated 
have become non-medullated before their arrival at the semilunar 
ganglia; the conversion therefore must have taken place higher up. 
An examination of the cervical part of the vagus shows that the 
non-medullated fibres make their first appearance in large numbers 
just below the ganglion trunci vagi; section of the nerve here shows 
large quantities of medullated fibres, both large and small, among which 
quantities of non-medullated fibres are to be seen. Tracing these fibres 
downwards it is instructive to see how the medullated fibres belonging 
to each branch group themselves together at the periphery of the main 
stem before they pass away as a separate branch. In this way groups 
of medullated fibres pass away in the laryngeal nerves, in the cardiac 
nerves and in the pulmonary nerves; each successive departure leaving 
the core of non-medullated nerves more and more free from admixture 
with medullated, until at last when the pulmonary nerves have gone, 
the intestinal nerves are left as a mass of non-medullated fibres with a 
few medullated scattered among them. 

It is clear then that the loss of the medulla in some if not all of 
these viscero-motor nerves takes place in the ganglion trunci vagi. It 
is easy in this ganglion to isolate nerve cells with a long stretch of 
non-medullated fibre attached to them, so that it is clear that these 
nerve cells are connected with the non-medullated fibres, 

We obtain therefore so far this proof as to the nature of the motor 
nerves of the circular muscles of the upper part of the alimentary canal :— 
1. They leave the medulla oblongata in the roots of the vagus group 
of nerves and are therefore medullated. 

2. In the thoracic portion of the vagus they are non-medullated. 
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3. Non-medullated fibres are in connection with the gengion cells 
of the ganglion trunci vagi. 

The final link in the chain of evidence which would eoaneb together 
these three facts is the proof that the cells of the ganglion trunci vagi 
are connected with the motor nerves in question. 

Such a connection is easily proved by the method of degeneration, as 
is seen from the following experiments on the crocodile, 

‘The roots of the vagus nerve of the crocodile pass into a large 
ganglion which, according to Fischer’, is made up of the three ganglia, 
the ganglion jugulare vagi, ganglion jugulare glossopharynget and — 
ganglion petrosum glossopharynget. From this ganglion the laryngo- 
pharyngeal nerve and the vagus pass out separately. The vagus passes 
down the neck and does not form a second ganglion until after its 
entrance into the thoracic cavity. This second ganglion is the ganglion 
trunct vagi; so that in this animal the whole of the cervical portion of the 
vagus separates its two ganglia. It is therefore easy to cut out a portion 
of the cervical vagus and so to isolate the ganglion trunci vagi from the 
central nervous system ; the functions of the isolated ganglion can then 
be determined after the nerves passing to it have been allowed to 
degenerate, 

In young specimens of Crocodilus biporcatus’ this ganglion forms a 
well-defined oval mass on the main trunk of the vagus just at its 
entrance into the thorax; the vagus continues as an unbranched nerve for - 
a short distance below the ganglion, and then begins to divide into its 
intestinal, cardiac and pulmonary branches. The only branch which is 
_ given off directly from the ganglion is an undivided fine nerve which 
_ passes directly to the heart, entering the heart with the aortic vessels and 
never passing to the venous side. This branch, which is always present 
and conspicuous, corresponds possibly, as pointed out in a previous paper’, 
to the n, depressor. No other communication whatever exists with this 
ganglion, so that its isolation from the central nervous system is of 
necessity complete as soon as the cervical vagus is cut, 

In Alligator mussissippiensis this ganglion lies deeper and, as is seen 
in one of the figures which illustrate the paper already referred to’, 
the nerve divides immediately at the lower border of the ganglion. . 


_ | “Die Gehirnnerven der Saurier.” Abhandl, d. naturwiss. Vereins in Hamburg, 1852. 
* I again desire here to express my thanks to Sir Joseph Fayrer and to Dr sie ad 
of Colombo, Ceylon, for their kindness in obtaining these crocodiles for me, - 
Gaskelland Gadow. This Journ. Vol. v. p. 362. 
4 This Journ. Vol. v. Pl. x1. Fig. I. 
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I have cut a piece out of the cervical portion of one or both vagi 
nerves in eleven young crocodiles and in two large alligators from 4 to 5 
ft. long. In all cases a piece of the nerve from half an inch to an inch in 
length was cut away, and in most cases the peripheral end of the nerve 
was enclosed in the stitches which united the skin wound. The 
following table shows the date of the sections and the time after the 
section when the animal was killed. 


Crocodilus bipore. 


L. Vaguscut | Vaguscut 


not cut 

not cut 
March 26 
May 3 
March 31 
April 25 
March 31 


March 26 


Mar. 10, 1884 
Mar. 10, 1884 
April 25,1884 
Mar. 24, 1884 
cut 

Mar. 24, 1884 
May 27, 1884 


| May 3, 1884 on Nov. 25 


1. 
2. 
3. 
4. 
5. 
6. 
8. 
9. 
10. 


not cut 
not cut 
not cut 


Oct. 29, 1884 
Oct. 29, 1884 
Oct. 29, 1884 


still alive 


Alligator mississipp. 


May 4, 1885 
July 28, 1885 


Oct. 1, 1884 
2. | Oct. 1, 1884 


not cut 
not cut 


215 days 
300 days 


In all cases the wound in the neck healed perfectly, no difficulty 
whatever was experienced in keeping the animals alive, and the only 
death which occurred took place more than 200 days after the removal 
of a large portion of both vagus nerves. As I do not propose in this 
paper to discuss the reason of death after section of both vagi, I will | 
simply state that in these animals such section does not interfere with 
the respiration more than a day or two after section of the second nerve; 
the lu ngs present a normal appearance after death. Death does not 
occur owing to the absence of food, for not only do the animals eat, but 
food is found partially digested in the stomach and in the intestines, and 
well-formed faeces are seen in the rectum, even in those cases where the 
two nerves had been cut longest. Yet the animals do die of starvation, for 
the longer the time which has elapsed after the double section the more 
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complete i is the disappearance of the fat body, the more marked are the 
signs of inanition in all the thoracic and abdominal organs. 

In all cases the inhibitory power of the vagus on the heart 
disappeared completely; no difference was found in this respect whether 
the nerve was tested above or below the ganglion trunci, no effect could 
be produced by the stimulation of the cardiac fibres below the ganglion 
any more than by stimulation of the cervical vagus above. Also it 
should be remarked that in the intact crocodile both right and left 
nerves cause absolute and long continued standstill even with a weak 
stimulus. Clearly then the cardiac inhibitory fibres of the vagus 
degenerate right through this ganglion and are not therefore in con- 
nection with its ganglion cells. 

In order to estimate the influence of the ganglion upon the motor 
nerves of the cesophagus and stomach, we must in the first place know 
the effect of stimulation of the intact nerve both above and below the 
ganglion. In the above list we see that in three of the young crocodiles 
the nerve was cut only on one side, so that in these three animals the 
_ effect of stimulation of the freshly-cut nerve could be examined; in ad- 
dition I sacrificed on May 31, 1884, a healthy intact crocodile for this 
express purpose. Further we have the _— nerves of the two alli- 
gators for comparison. 

In all the crocodiles I noticed the same effect of stimulation of the 
peripheral ends of either right or left vagus whether above or below the 
ganglion, viz. a strong peristaltic contraction of the whole csophagus 
extending throughout the cervical and thoracic portions into the stomach 
and followed by contraction of the stomach itself; the only variation 
observed was in the case of the crocodile killed on June 19, in which the 
contraction of the oesophagus caused by stimulation of the L. vagus 
extended only to the middle of the cervical region and not therefore as 
high as in the other cases. 

In the two alligators stimulation of the peripheral end of the cervical 
portion of the vagus on the uninjured side caused a marked contraction 
of the thoracic portion of the cesophagus and of the stomach, but did not 
produce any effect upon the cervical portion. On the other hand in one 
of these two animals where the medulla oblongata was intact, and both 
vagi had been cut, a series of rhythmical spontaneous peristaltic con- 
tractions were observed, which passed down the whole of the cervical 
portion of the cesophagus and ceased abruptly at the junction of the 
cervical and thoracic portions, at in fact the same place which marked 
the commencement of the contraction upon stimulation of the peripheral 
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end of the vagus. These contractions ceased after the destruction of the 
medulla oblongata. In the alligator then the motor nerves for the 
cervical portion of the esophagus pass directly to it probably by way 
of the large conjoint vagus and glossopharyngeal ganglion and the 
pharyngo-laryngeal nerve, while those for the thoracic portion and 
the stomach and intestines pass through the ganglion trunci vagi. We 
see also in this observation the complement of Mosso’s experiment. He 
showed that a peristaltic contraction could be excited from the centre 
and pass along the whole esophagus even when the cesophagus. was 
divided: The above observation shows that such peristaltic contractions 
cannot pass along an intact cesophagus unless the nerves are intact. 

In the crocodile it would appear that some at all events of the motor 
nerves for the cervical portion of the esophagus passed through the 
ganglion trunci vagi on their way to that portion of the esophagus. 

The effect of section of the vagus in the cervical region with subse- . 
quent degeneration of its fibres is well marked in this series of experi- 
ments, In all cases the cervical portion of the esophagus remained 
absolutely quiescent, whether the degenerated nerve was stimulated 
above or below the ganglion trunci. In all cases except in one instance 
stimulation of the degenerated nerve above the ganglion produced not 
the slightest effect upon any portion of the esophagus or stomach. In 
all cases except one, stimulation of the nerve below the ganglion caused 
marked peristaltic contraction of the thoracic portion of the cso- 
phagus and stomach, This contraction differed from that of the intact 
nerve in that the contraction produced by the same strength of stimulus — 
was rather weaker, and the latent period was longer. Its marked 
characteristic was the abrupt line of demarcation between the contracted 
and uncontracted portion. Sometimes the peristaltic movement spread — 
from above downwards, sometimes from below upwards;, ik both cases it 
never overstepped the limit of the thoracic portion; even when the 
contraction was strong it ceased abruptly here, forming a circular inden- 
tation at the junction of the cervical and thoracic portions. 

These experiments prove clearly that those fibres which pass down the 
cervical portion of the vagus to innervate the cervical portion of the 
esophagus, like the inhibitory cardiac fibres, degenerate after section of 
the nerve, while those fibres which innervate the thoracic portion of 
the cesophagus, the stomach and, in all probability, the intestines degene- 
rate only in that portion which is above the ganglion but not in that | 
portion below the ganglion. 

Clearly from these facts the motor nerves for the upper portion of _ 
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the cesophagus and the inhibitory fibres for the heart have no connection 
with the nerve cells of the ganglion trunci vagi, while the motor nerves 
for the rest of the esophagus and the upper portion of the remainder of 
the alimentary canal are in connection with the cells of that. ganglion— 
a connection by which the motor nerve: fibres proceeding peripherally 
from the ganglion are prevented: from. degeneration, but not the motor 
fibres which pass to the ganglion. | : 
: Further, it may be mentioned at the same time that this nutritive 
power of the ganglion cell overthe peripheral nerve fibre is not associated 
with any recovery of the functional activity of the motor fibre in conse- 
quence of the cell acting as a reflex centre. 

Both in the intaet and in the degenerated nerve I have carefully 
tried the effect of stimulation of the central end of various intestinal 
branches such as those passing over the-stomach, also of the cardiac and 
pulmonary branches, the ganglion having been previously isolated from 
the central nervous system by section of the vagus.in the neck, __ 

In no case have I seen the slightest indication of any reflex-action 
through the ganglion; in no part of the cesophagus or stomach was it 
possible to detect: any trace of movement upon stimulation of these 
nerves: in other words, although experiment proves that the 
motor nerves of the thoracic portion of the oesophagus are 
connected with the nerve cells of this ganglion, yet it is im- 
possible to excite them reflexly through those nerve cells. 

Putting together the knowledge gained up to this point we can 
say:— | 

The viscero-motor nerves upon which the peristaltic: con- 
traction of the thoracic portion of the oesophagus, stomach 
and intestines depends, leave thé central nervous system in 
the outflow of fine medullated visceral nerves which occurs 
in the upper part of the cervical region, and pass by way of 
the rami viscerales of the accessory and vagus nerves to 
the ganglion trunci vagi, where they become non-medul- 
lated: 

These viscero-motor nerves therefore resemble in: their structure and 
in the method of their distribution the vaso-motor nerves already de- 
scribed, 

In addition we see further that the nerve cells of the proximal 
ganglia are not only concerned in the conversion of the medullated 
motor nerves into non-medullated, but also possess a nutritive power 
over the fibres which pass from them peripherally. - 
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‘The difference between the effect on the blood-vessels of the ear 
after section of the cervical sympathetic and after removal of the sup. 
cervic. ganglion; the persistence of vaso-motor and secretory action in 
fibres passing from the sup. cervical ganglion to the submaxillary gland 
after complete degeneration of these fibres in the cervical sympathetic 
(as noticed by Langley’), all point to the conclusion that such nutritive 
power is a universal property of the ganglion cells found on all visceral 
nerves. | 

If we take the viscero-motor nerves of the vagus as the type of such 
nerves we should expect to find that in all cases they passed out of the 
central nervous system in the rami viscerales, and lost their medulla in — 
ganglia which are homologous to the ganglion trunci vagi. Two con- 
siderations however must be borne in mind; firstly, the motor nerve 
fibres of the vagus which we have been dealing with are those which 
supply the circular layer of muscles; secondly, the exact position of the 
ganglion trunci vagi has not been established beyond dispute; so that. 
in any endeavour to establish the course and anatomical relations of 
viscero-motor nerves in parts which are free from the influence of the 
vagus we can only expect to find that the fibres which supply circular 
muscles possess characters similar to those described above; the nerves 
which. supply the longitudinal muscles may reasonably form another 
group presenting different characteristics. 

Conversely, if we can fully trace out the course and relations of those 
spinal nerves which: supply the circular muscles, then further-light will 
be thrown upon the position of the ganglion trunci vagi, and therefore 
upon the homologies of the vagus and spinal nerves. 

In the hind-gut and its appendages we find a viscero-motor nerve- 
supply which.arises from the lower part of the spinal cord and is entirely 
free from the admixture with vagus fibres; these-do not reach to this 
part of the intestine. 

The motor fibres therefore which supply the rectum, bladder and — 
- uterus must, if their course can be traced, afford the information re- 
quired. 

An examination of the literature of the: subject brings out clearly 
the remarkable similarity in: the innervation of these three organs; in 


: all the motor nerve-supply is double and, according to the language of 


the day, is divided into a cerebro-spinal and sympathetic set of nerves. 
The cerebro-spinal nerves pass to the hypogastric plexus and from 
thence to the rectum, bladder and uterus. by those visceral branches of 


1 This Journ. Volk. vi. p. 87. 
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the 2nd and 3rd sacral nerves which are known by the name of nervi 
erigentes, i.e. they pass out of the central nervous system in the sacral 
stream of visceral nerves and reach their destination by way of the 
pelvic splanchnics. | 

The sympathetic nerves on “the other hand pass to the inferior 
mesenteric ganglion along the rami efferentes of that ganglion and from 
thence along the hypogastric nerves to the hypogastric plexus; they 
therefore leave the central nervous system in the thoracic stream of 
visceral nerves. 

The motor actions of these two sets of nerves distinctly differ from 
each other and the difference appears to be of the same kind in all the 
three organs in question, Undoubtedly the pelvic splanchnics supply 
the longitudinal muscles of the rectum, the longitudinal muscles of the 
bladder or detrusor urine, and apparently the longitudinal muscles of 
the uterus. Equally undoubtedly a true peristaltic contraction of the 
rectum, i.e. a contraction of circular muscles, is caused by stimulation of — 
the hypogastric nerves or of the lower abdominal splanchnics. Fellner’ 
in v. Basch’s laboratory has established this difference in the action of 
the two sets of nerves for the rectum of the dog. 

I myself have examined this question both in the dog and frog and 
entirely endorse the conclusion of Fellner. In the dog, even after 
death, the pulling down of the rectum owing to the contraction of the 
longitudinal fibres when the pelvic splanchnic nerve is stimulated is 
easy to observe, while upon stimulation of the hypogastric nerve no 
direct downward pull takes place but, instead, a distinct peristaltic 
movement is seen. 

It is especially noteworthy that the same differences in nerve supply 
exist in the frog as in the dog; the so-called sympathetic motor supply 
for the bladder and rectum passes out of the spinal cord in the rami 
communicantes to the sympathetic ganglia and from thence along the | 
hypogastric nerves to their destination ; the ramus communicans chiefly 
involved appears to be that of the 7th nerve. The so-called cerebro- — 
spinal supply passes out of the roots of the 8th and 9th nerves into the 
sciatic plexus and leaves this plexus in the shape of a fine white nerve 
which passes to the bladder and rectum; in fact the origin and course 
of this nerve is identical with that of the so-called nervi erigentes (pelvic 
splanchnics) in mammals. The action of these two nerves in the frog is 
also precisely the same as in the mammal. Stimulation of the pelvic 
splanchnic nerve causes a marked pulling down of the rectum and a 


I Op. cit. 
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strong contraction of the bladder owing to the shortening of the fibres of 
the detrusor urine ; on the other hand, upon stimulation of the ramus 
communicans of the 7th nerve, no downward movement of the rectum 
takes place, but a contraction of the circular muscles which can be 
observed directly by means of a lens. 

The nature of the contraction of the bladder which takes place when 
the hypogastric nerve or the abdominal splanchnics are stimulated is not 
so clear. The main appearance (and this applies equally to the frog) is, 
as noticed by Gianuzzi’, a much weaker contraction with these nerves 
than with the other set. As yet I have not been able to convince 
myself whether this weakness of effect is due to a diminished action of 
the longitudinal muscles. of the detrusor urine or, as is more probable, to 
the action of the more circularly arranged muscle fibres which, although 
- contracting fully, are incapable of producing much visible effect upon the 
fundus of the organ. 

According to the researches of Korner, Rohrig*® and others, the 
uterus is supplied with two sets of nerves, the-nervi uterint which reach 
the uterus by way of the main sympathetic and hypogastric nerves and 
therefore belong to the abdominal splanchnics, and the nervi uterini 
sacrales which pass free from the main sympathetic chain and belong to 
the pelvic splanchnics. Further, according to v. Basch and Hofmann’, 
stimulation of the hypogastric nerves causes a contraction of the circular 
muscles of the uterus, while stimulation of the cerebro-spinal nerves 
causes the longitudinal muscles to contract. 

_ From what has been said it is clear that the viscero-motor fibres of 
the hind-gut and its appendages, homologous with those fibres of the 
vagus which cause peristaltic contraction of the cesophagus, stomach and 
intestines, leave the spinal cord in the thoracic rather than in the sacral 
outflow of visceral nerves. At present it is impossible to say with 
certainty in which group of ganglia they lose their medulla; we do not 
even know whether they leave the spinal cord in anterior or in posterior 
roots, and until this question is answered it is useless to endeavour to 
map out their course further than I have already done. 

With respect to the other group of viscero-motor nerves, those which 
innervate the longitudinal muscles of the hind-gut and its appendages, 
we can speak more confidently ; they most certainly pass out of the cord 
in the anterior roots. Budge‘ describes the motor nerves of the detrusor 
urine in the dog as passing out in the Ist, 2nd and 3rd sacral nerves, I 


1 Journ. d. l. physiol. vt. p. 22. ? Henle, Anat. d. Menschen. 
3 Wiener med. Jahrb, 1877. 4 Pfliiger’s Archiv, Bd. v1. s, 306. 
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myself have found that these same nerves in the frog, as well as those 
which supply the longitudinal muscles of the rectum, pass out in the 
anterior roots of the 8th and 9th nerves. 7 
Seeing then that these anterior roots contain only medullated fibres 
and have no possibility of communicating with ganglion cells until they 
arrive-at the hypogastric plexus it follows that such nerves must either 
lose their medulla in these ganglia or else continue as medullated nerves 
to the longitudinal muscles themselves, It must be left to future 
investigation to determine which of these two possibilities is true. 
Section VI. On the structure and distribution of the vaso-inhibitory 
(vaso-dilator and cardio-inhibitory) nerves. Pl. TIL. Fig. 5. 


The presence of special vaso-dilator nerves for the blood-vessels of 
every part of the body is an accepted article of faith for almost. all 
physiologists of the present day. Owing however to the fact that in 
most instances such nerves. are found mixed up with the vaso-motor — 
nerves the evidence upon which their existence is based is in the 
‘majority of cases indirect rather than direct. Fortunately we possess 
among the vaso-inhibitory nerves a few examples, the separate existence — 
of which is beyond dispute. In these cases these nerves run separately 
from the vaso-motor so that an examination of their structure and 
distribution may fairly be expected to give indications of general laws, 
if such exist, which may afterwards be tested in the case of the other 
-vaso-inhibitory nerves. The nerves in question are par excellence the 
inhibitory fibres of the heart, the vaso-dilators contained in the chorda 
tympani and small petrosal nerves, and the nervi erigentes. 

Naturally, as might be expected from what has already been proved 
about the course of the vaso-motor nerves, all these instances of 
undoubted vaso-inhibitory nerve fibres which run a separate course 
distinct from vaso-motor fibres are found exclusively in connection with 
the cervico-cranial and sacral outflows of visceral nerves. 

The cardiac fibres of the vagus constitute the recognized type of 
inhibitory nerves; and fortunately these fibres can be followed from 
their origin to their termination. In all animals which I have 
examined these pass into the heart as medullated fibres. The 
examination of them by sections and teazing after they have left the 
vagus and: before they have entered the heart shows, in the case of the 
rabbit where they can be obtained free from admixture with other 
nerves, that they form bundles of medullated fibres very uniform in 
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size and all of the finest calibre. They belong in fact in size to the 
group of nerve fibres which we have found to be associated with the 
several outbursts of visceral neryes. As already mentioned fibres | 
of the same size are found in the roots of the accessory and vagus 
nerves, in roots which we know to contain the inhibitory fibres of the 
heart. 

Further, as already mentioned, the degenerative experiments which 
I have described in connection with the vagus nerve of the crocodile 
prove conclusively that these heart nerves have no connection with the 
ganglion trunci vagi. © 

It follows clearly that they leave the central nervous system in the 
rami viscerales of the vagus and accessory nerves and retain the same 
fine medullated nerve structure until they reach the heart. Here 
undoubtedly they enter into connection with ganglion cells, and judging 
from the heart of the frog—where as is well known the medullated 
fibres of the nerves of the auricular septum enter into the auriculo- 
ventricular ganglia (or Bidder’s ganglia) and cannot be traced further, 
the nerves proceeding from these ganglia over the ventricle being 
almost entirely composed of non-medullated fibres—we may conclude 
that they lose their medulla in these ganglion cells. 

Such a course can be contrasted with that of the motor group of 
cardiac nerves as follows :— 

The vaso-inhibitory cardiac nerves leave the central nervous system 
among the fine medullated nerves which characterize the formation of 
the cervico-cranial rami viscerales, pass without altering their character 
into the distal ganglia where they lose their medulla and continue 
onwards as non-medullated fibres. 

The vaso-motor cardiac nerves on the other hand leave the central 
nervous system among the fine medullated nerves which characterize 
the formation of the thoracic rami viscerales, pass without altering their 
character into the proximal ganglia, where they lose their medulla and 
continue onwards as non-medullated fibres, | 

Again, an examination of the nerves mentioned above as containing 
undoubted vaso-dilator fibres, such as the chorda tympani and the nervi 
_ erigentes, demonstrates the preponderance of medullated fibres throughout 
the whole course of these nerves. Among these medullated fibres those 
of the finest size are present in large quantities, Such fibres most 


certainly remain unaltered in their structure close up to their termina- — 
tion in the tissues. For instance, the structure of the chorda tympani 
remains the same as far as the presence of such fibres is concerned up 
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to its entrance into the submaxillary ganglion; so too the same fine 
fibres pass in the nervi erigentes unaltered in character up to the 
ganglia, of the hypogastric plexus. The probability is therefore exceed- 
ingly great that the vaso-dilator nerves in these two instances pass to 
these distal ganglia without any alteration of their structure; whether _ 
they lose their medulla in these ganglia or pass still further into the 
organs they supply and become non-medullated in connection with 
ganglion cells of the same character as the terminal ganglia in the 
heart can only be settled by further investigation. In favour of the 
latter proposition is the fact that the majority of the medullated: fibres 
of the chorda tympani, which supply the submaxillary gland, pass over 
the submaxillary ganglion without entering into communication with it. 

If therefore we include the submaxillary ganglion and the ganglia in 
the submaxillary gland itself as well as the hypogastric ganglia and 
those which are found nearer the corpora cavernosa, in the common — 
term of distal ganglia, we can include both the cardiac inhibitory 
nerves and these undoubted vaso-dilator nerves under the same descrip- 
tion, and say that “They leave the central nervous system 
among the fine medullated nerves which help to form the 
cervico-cranial and sacral rami viscerales and pass without 
altering their character into the distal ganglia.” 

The evidence then of the best known examples of nerves containing 
vaso-dilator fibres is in favour of the supposition that all such nerves 
conform to the type of the cardiac inhibitory nerves, in so far as the size 
of their fibres, their direct connection with the distal ganglia and their 
avoidance of the chain of vaso-motor ganglia is concerned. 

The evidence for vaso-dilator nerves in other parts of the body is 
largely based upon experiments conducted upon the blood-vessels of the 
lower extremity and my experiments upon the circulation through the 
mylohyoid muscle of the frog. In these cases the vaso-dilator fibres 
cannot be isolated in the course of the peripheral nerve; we are 
therefore driven to their origin from the central nervous system in our 
attempts to find out their anatomical relations. The experiments of 
Schiff, Stricker, Luchsinger, Puelma and Luchsinger'’ all point — 
to the roots of the sciatic nerves themselves as being the paths by 
which the vaso-dilators for the foot leave the central nervous system, 
and Stricker goes further still and says that they pass out in the 
posterior roots of these nerves; until however we possess more definite 
information on this subject than we have at present it is inadvisable to 

1 Cf. Aubert, Hermann’s Handb. d, Physiolog, Bd. tv. 
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attempt to compare the paths of these nerves with those which are 
known to leave the central nervous system in the roots of certain 
cranial nerves. On the other hand, we cannot argue from the path of 
such nerves in the roots of the vagus and chorda tympani to their path 
in the roots of spinal nerves, until we know more fully to what portions 
of the spinal nerve roots the roots of such a nerve as the vagus 
correspond. In an appendix to this paper I propose to point out 
certain considerations which may materially help to nes us in the 
solution of this question. 


Section VII. On the structure and distribution of the viscero-inhibitory 
nerves. PI. IIL Fig. 3. 


At present, unfortunately, our knowledge of the course and relations 
of the inhibitory nerves of the visceral muscles is so very imperfect, that 
_ we can hardly hope to deduce any general law from the evidence in our 
possession. I propose therefore to discuss simply the characteristics of 
those viscero-inhibitory nerves which are known to pass in the 
splanchnics, and then to examine the nature of any other nerve fibres 
which are known to follow a corresponding course. 

Three kinds of nerve fibres innervating visceral tissues are said to 
pass out of the central nervous system by way of anterior roots in the 
thoracic region, viz. vaso-motor nerves, the viscero-inhibitory nerves of 
_ the splanchnics, and the glandular nerves which supply the submaxillary, 
parotid and other glands. All these nerves pass into the sympathetic 
system from anterior roots and reach that system therefore as me- 
dullated nerve fibres. 

The vaso-motor portion of those fibres have been already traced into 
the lateral or vaso-motor ganglia, while the medullated fibres, which 
constitute the major portion of the splanchnic nerves, have been seen to 
pass direct to the semilunar and other ganglia of the collateral chain 
without entering into connection with the vaso-motor ganglia. 

An examination of the structure of the splanchnic nerves shows that 
they are composed mainly of medullated fibres, the non-medullated 
amounting in man, according to Riidinger’, to a bare fifth part of the 
whole number of fibres, The medullated fibres all belong to the group 
of smallest fibres with the exception of a few isolated larger ones. The 
contrast between the structure of the splanchnics and of the vagi nerves 
on cael way to enter the semilunar ganglia is most striking; in the 
1 Cf. Henle, Anatom. d. Menschen. 
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one case a mass of fine medullated nerves with comparatively few 
non-medullated among them, in the other a mass of non-medullated 
among which a few fine medullated are to be seen. 

Of the three components of the splanchnics the non-medullated 
nerve fibres alone can be traced into the ganglia of the lateral chain, 
both large and fine medullated pass direct from the nerve roots to the 
collateral ganglia. 

Clearly, from what has already been proved, the vaso-motor nerves 
which are known to run in the splanchnics must in all probability be 
found in these non-medullated fibres; it follows that the viscero- 
inhibitory nerves must be included among the medullated fibres, for it 
is impossible to conceive that the large amount of muscular tissue 
represented by the walls of the alimentary canal and of the abdominal 
blood-vessels conjointly should receive such an important portion of its 
nerve supply from the comparatively few non-medullated fibres found in 
the splanchnics, Also the contrast in structure between the vagus and 
splanchnics nerves points strongly to the conclusion that the viscero- 
inhibitory nerves must be included among the medullated fibres in this 
part of their course ; for, if the visceral muscles are supplied with in- 
hibitory nerves as freely as with motor nerves, then the same argument 
will apply to the preponderance of medullated fibres in the splanchnics 
as to that of non-medullated in the vagus; so that we are led to the 
conclusion that the motor fibres of the circular muscles of the stomach 
and intestines lose their medulla before they reach the semilunar 
ganglia while the inhibitory are still medullated at their entrance into 
those ganglia. 

As already mentioned we cannot trace these fine soadtinneil fibres 
further, at all events in distinct bundles. An enormous number of non- 
medullated fibres streams out from these large ganglia to the intes- 
tines, stomach, liver, kidney, spleen, &c., in the midst of which the large 
medullated fibres of the abdominal splanchnics can be easily traced. The 
smallest medullated fibres occur very sparingly isolated among the grey, 
and are no longer traceable in bundles. 

Seeing the numbers of such fibres which pass into the collateral 
ganglia by the rami efferentes and the scarcity of them in the rami — 
peripherales it is practically certain that some of them lose their — 
medulla in these ganglia. 

At present it is only probable, not certain, that the viscero-inhibitory 
nerves of the circular muscles are among those which become 
non-medullated in these ganglia; it is just possible that they proceed 
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further to the terminal ganglia before losing their medulla. In either 
case we can say that these viscero-inhibitory nerves, like the vaso- 
inhibitory nerves, differ from the corresponding motor nerves in that 
they proceed to the distal ganglia before becoming non-medullated, 
while the latter lose their medulla in the proximal ganglia. 

On the assumption that these fibres of the splanchnic are typical of 
the nerves of this group we might describe the group as follows: 

The inhibitory nerves of the circular muscles of the 
alimentary canal and its appendages leave the central 
nervous system in the anterior roots and pass out among 
the fine medullated fibres of the rami viscerales into the 
distal ganglia without communication with the proximal 
ganglia. 
| At present the evidence for the existence of other members of this 

group of nerves is too fragmentary and uncertain to enable us to follow 
out their course. We can, I think, say no more than this that the 
experiments of Fellner and v. Basch, of Kronecker and his pupils, 
point to their distribution not being confined to the thoracic outflow of 
visceral nerves. It is possible and indeed probable, as described by 
Fellner’, that they pass to the circular muscles of the hind-gut and its 
appendages along with the motor nerves of the longitudinal muscles, 
and therefore follow the same course in connection with the sacral 
_ visceral outflow as with the thoracic. 


Conclusions. 


In the foregoing sections I have considered only the nerves which 
supply the muscles of the vascular and visceral systems and have shown 
that all such nerves have certain common histological characteristics, 
while nerves of the same function possess in addition a well defined 
anatomical course. 

They are all composed of nedulbated fibres of the finest size (a fact 
originally noticed by Bidder and Volkmann as characteristic of the 
sympathetic nervous system) which lose their medulla and become non- 
medullated before they reach their destination. 

One of the functions of the ganglia with which they are in connection 
is to effect this conversion of medullated into non-medullated fibres. 

A commencement has been made in defining the anatomical course 


1 Op. cit. 
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of these nerves by tracing for each kind of nerve the characteristic small 
medullated fibres from the central nervous system into the special group 
of ganglia in which the loss of the medulla takes place. 


Although this anatomical course cannot at present be defined in 


every case to its fullest extent, yet sufficient evidence has been given to 
warrant the conclusion that the vascular and visceral muscles are 
throughout supplied by two kinds of nerve fibres of opposite function, the 
one motor and the other inhibitory ; and that further these two kinds of 
nerve fibres reach the muscle by separate distinct anatomical paths, the 
difference of path consisting in a difference of origin from the central 
nervous system combined with the fact that the inhibitory nerves lose 
their medulla in’more distant ganglia than the corresponding motor 
nerves. 

In addition the ganglia have been shown to possess a nutritive 
power over the nerves which pass from them to the periphery. 

A third function of these ganglia remains to be noticed, viz. the 
increase in the number of nerve fibres which occurs simultaneously with 
the loss of the medulla. 

It is generally acknowledged, since the publication of Bidder and 
Volkmann’s’ paper, that an increase of nerve fibres takes place at the 
various ganglia. The nature of such increase is easily seen by the mere 
inspection of the nerves which are in connection with such a ganglion as 
the superior cervical; the number of non-medullated fibres which pass 


out of it to proceed peripherally along the internal and external carotid — 


nerves and along the peripheral grey rami communicantes of the upper 


cervical and lower cranial nerves is immensely greater than all the fibres 


both medullated and non-medullated which pass to it from the central 
nervous system along the cervical splanchnic (cervical sympathetic) 
nerve. So too the masses of non-medullated fibres which leave the 
semi-lunar ganglia to be distributed to the stomach, liver, intestines &c. 
are very much greater than all the fibres contained in'the rami efferentes 
of these ganglia. It is only necessary to picture to oneself the number 
of fine medullated nerves contained in the various nerve roots, in 
comparison with the number of non-medullated fibres which pass out of 
the various ganglia of the body, to see what a great increase of nerve 
fibres must have taken place in the course of the nerves between the 
central nervous system and the periphery. Doubtless such increase is 
partly to be accounted for by the direct division of non-medullated 


& 


1 Die Selbststiindigkeit d. Sympath. Nervensystems, 1842. 
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nerve fibres. Such division however takes place chiefly in connection 
with the passage of the nerve through a ganglion. 

Hitherto investigators relying upon histological examination only 
have tended strongly to attribute such increase at a ganglion to the 
presence of new fibres, which have their birth in the cells of the ganglion, 
without attempting to explain any causal connection between such fibres 
and those which connect the ganglion in question with the central 
nervous system. In the face however of the physiological facts given 
above such a causal connection is absolutely necessary, and it seems-to 
me that the negative evidence of histology possesses no weight at all 
against the positive evidence of physiology that such a connection must 
take place. | 

I picture to myself the anatomical arrangements of these visceral 
nerves somewhat as follows. | 

Each nerve fibre leaves the central nervous system as a fine 
medullated nerve fibre which passes directly into its appropriate ganglion, 
and there in consequence of communication with one or more of the 
ganglion cells loses its medulla and passes out not as a single non- 


- medullated fibre but as a group of non-medullated fibres, Such ganglion 


cells not only assist in the conversion of a single nerve fibre into a group 
of fibres but at the same time are centres for the members of the group 
in so far as they possess a nutritive power over them; they are not 
however centres in the sense of being capable of reflexly setting these 


_ fibres into activity ; a conclusion which is self evident if each nerve cell — 


is connected only with nerve fibres possessing the same function. 

The extension of the nutritive power of the ganglion over the nerve 
fibres which proceed from it to the end organs of those nerve fibres, i.e. 
the tissues which they supply, would go far to explain the beneficial 
effect upon the tissues, such as the recovery of tone, which has been 
often supposed to depend upon the continuance of the connection 
between the tissue and one or other group of ganglion cells; while at the 
same time the impossibility of any reflex action taking place through 
them prevents them from supplying the place of the central nervous 
system when no longer in connection with that system. 

The difference in size between the motor nerves of the visceral and 
vascular muscles and those of ordinary skeletal muscles, which has been 
clearly proved in the foregoing pages, leads directly to the conclusion 
that it may be possible in all cases to connect together the size of the 


nerve fibre with the nature of the tissue which it supplies, 


Doubtless valuable information on this question will be afforded by 
3—2 
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thorough investigation of the glandular nerves; such investigation I 
have as yet only commenced, so that it would be premature at oe 
to draw any conclusion from the size of their fibres. 

We can however, without leaving the muscular system, obtain faster 
evidence upon this point; for in the muscular tissue of the tongue we 
possess an example of muscular structure which is intermediate between 
that of ordinary skeletal muscles and of involuntary muscles, though on 
the whole more nearly approaching the former than the latter type. 

In Pl. L., Fig. 4,I give a section of one of the roots of the hypoglossal 
nerve. 

The comparison of this figure with the large fibred root of the 
spinal accessory, PI. I., Fig. 2, or the anterior root of the Ist or other 
cervical nerve, shows how striking is the difference in size between even 
the largest fibres of the hypoglossal and those of its neighbouring motor 
nerves, 

The large fibres of the spinal accessory vary from 144 to 18y; 
those of the anterior root of the Ist cervical nerve measure 16 » and 
upwards, while the largest fibres of the hypoglossal vary between 7'2 wu 
and 10°8 

These latter sizes are characteristic of the majority of the large fibres 
of the vagus roots as well as of the hypoglossal, while they are compara- 
tively rare in the anterior roots of all spinal nerves. 

Coincidently then with the feature that in structure and physiological — 
behaviour the tongue muscles are intermediate between the skeletal 
and visceral muscles we find their motor fibres (7°24 to 10°84) inter- 
mediate in size between the fine fibres (18m to 36) of the motor 
nerves of the vascular and visceral system and the large fibres (14°4 uw 
to 19 w and upwards) which form the motor nerves of ordinary skeletal 
muscles, 

Clearly also Schwalbe’s' hypothesis that the size of the nerve fibre 
depends on the length of it is untenable; his measurements are however 
valuable, especially those which deal with the nerves of man, for his 
observations show the strong probability that the conclusions which I 
have arrived at on the relation between the structure and function of. 
the nerves_in the dog are applicable word for word to those of man. 

In both cases the anterior roots of the first nine spinal nerves are 
devoid of the smallest medullated fibres; bundles of the finest fibres; _ 
varying according to Schwalbe between 1°8 w and 2°7 p, make their 


1 Ueber die Kaliber Verhdltnisse der Nervenfasern. Liepzig, 1882. 
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appearance for the first time in the anterior root of the 2nd thoracic: 
nerve. Here then in man as in the apg is the commencement of the 
thoracic outflow of visceral nerves. 

_ Again, the fact that involuntary muscles are supplied with two 
efferent nerves which differ not only in function but also in their 
anatomical course leads naturally to the conception that a similar double 
nerve supply exists for all tissues. 

In the case of glandular tissue such a double supply has been proved 
to exist for the submaxillary, parotid and lachrymal glands; and it is a 
significant fact that in these three cases the course of the two sets of 
nerves is very similar to that of the two nerves which supply the blood- 
vessels of the same parts. 

Thus the so-called sympathetic nerve supply for these glands passes 
out among the visceral nerves of the thoracic outflow in the anterior 
roots along with the vasomotor fibres of their blood-vessels, and reaches 
the glands by way of the cervical splanchnic (cervical sympathetic) 
nerves and superior cervical ganglion; the so-called cerebro-spinal nerve 
supply passes out from the central nervous system in the rami viscerales 
of the cranial nerves along with the vaso-dilator nerves of the same 
blood-vessels, 

Coincidently with this difference of anatomical path we find a differ- 
ence of physiological action which is sufficiently well marked to warrant 
the conclusion that these glands are supplied with two kinds of nerves 
which are physiologically as well as anatomically distinct. 

Further we possess in the sphincter muscle of the iris a muscular 
structure which cannot be included in the same group as any of the 
muscles which have been as yet described. 

Although an unstriped and apparently involuntary muscle in mam- 
mals, it is a striped and voluntary muscle in birds. In both classes it 
receives its motor nerve supply from the 3rd or oculo-motor nerve ; in 
both the size of the pupil is dependent upon the extent of its contraction 
or relaxation. 

At present these motor fibres contained in the 3rd nerve are the only 
efferent fibres which are’ recognized as supplying the sphincter of the 
iris; we find however another set of fibres whose action is an antagonistic 
one causing always dilation of the pupil, never constriction ; these fibres 
are supposed to be the motor nerves of an antagonistic muscle, the so- | 
called m. dilator pupille, 

‘These nerves pass to the iris in a path separate from that of the 
- motor nerves of the sphincter muscles, viz. along the cervical —" 
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and their stimulation always causes a most evident dilatation of the 
pupil; if this action is due simply to contraction of dilator muscle fibres 
it is clear that such fibres must form as important and manifest a con- 
stituent of the structure of the iris as the antagonistic circular fibres of 
the sphincter: nay more, in order to perform the task demanded of them 
the arrangement of their fibres must be even more perfect, uniform and 


symmetrical than those of the sphincter, for it is easier to lessen an aper- 


ture by the contraction of a circular ring and still keep it circular than 
to open that aperture without its losing its circular shape by the con- 
traction of fibres arranged radially. 

If therefore these dilator nerves are motor to a m. dilator pupille 
the existence of that muscle ought to be at least as evidelit as that of 
the sphincter itself. : 

We find however in the literature of the subject that, so far from 
such a muscle being universally recognized, the very existence of any 
dilator muscle fibres at all is called in question. Of late years an 
increasing number of observers have taken the side of Griinhagen and 
spoken in decisive terms against the muscular character of the radial 
fibres in the posterior limiting membrane of the iris. In the most recent 
_ paper which I have seen Koganei’ discusses the whole structure of the 
iris in a large number of different animals, and concludes definitely, that 
the posterior limiting membrane is in no case muscular, and that 
therefore the dilator muscle is to be found in certain muscular fibres 
which pass in a radial direction out from among the fibres of the sphincter 
towards the ciliary margin of the iris. At the same time he confesses 
that such fibres are strongly developed only in the otter and in birds, 
while in man and all other animals examined by him no sign of their 
existence could be found except in the rabbit, where indications of them 
were present. 

Clearly then, whatever may be their function in the otter, such 
fibres are inadequate to explain the action of the dilator nerves of the 
pupil in other mammals. 

For my own part I cannot see the urgent necessity for a special 
m. dilator pupille ; variations in the extent of the contraction or 
relaxation of the sphincter are quite sufficient to account for all the 
differences in the size of the pupil, if only the radial fibres of the iris 
possess, as Griinhagen thinks they do, a sufficient amount of elasticity. 

If we accept Griinhagen’s assertions that no m. dilator pupille 


1 Archiv f. mikroscop. Anat, Bd. 25, s, 1. 


i 
4 
a 
A 
4 
> 
a 
q 
a 
a 
3 
; j 


STRUCTURE AND FUNCTION OF VISCERAL NERVES. 39 


exists, it follows that the nerves which dilate the pupil must act upon 
the sphincter muscle: in other words, these nerves are the inhibitory or 
dilator nerves of that muscle’. 

The experiments of Griinhagen afford strong proof of the presence 
in the sphincter muscle of nerve fibres which relax that muscle. He has 
shown that the suspended sphincter can be made to elongate by direct 
stimulation of the muscle itself. An inhibitory effect can therefore be 
produced upon this muscle by the direct action of a stimulus in precisely 
the same way as I have shown to take place in the auricular muscle of 
the heart of the frog, tortoise or crocodile, and in the ventricular muscle 
of the frog, when a strip of that muscle is suspended and a weak inter- 
rupted current is sent through that strip. In this latter case I have 
come to the conclusion that the inhibitory effect of the direct stimulus 
to the cardiac muscle is due to the stimulation of inhibitory nerve fibres 
in the muscle strip. It is therefore highly probable that the relaxation 
of the suspended sphincter muscle which occurs upon direct stimulation 
is also due to the action of inhibitory nerves in that muscle. 

Finally, it is a striking and highly suggestive fact that the anatomical 
course and histological characters of the nerves which dilate the pupil 
are precisely similar to the inhibitory nerves of the circular muscles of 
the intestine, &c. which run in the abdominal splanchnic nerves. 
In both cases they leave the central nervous system in the thoracic 
outflow of visceral nerves, the one passing out in those upper rami 
viscerales which are directed upwards to form the cervical splanchnic 
nerve, the other in those lower rami viscerales which pass downwards to 
form the abdominal splanchnic nerves. In both cases they leave the 
central nervous system among the fine medullated fibres of the anterior 
roots, the special anterior roots which contain the dilators of the pupil 
being, according to Budge, 2nd, 3rd and 4th thoracic, according to 
my own observations in the dog more especially the 2nd thoracic; in 
the frog they pass out in the anterior root of the 4th nerve’. 

In both cases they pass over the lateral ganglia along the 


1 The only other theory of their action is the so-called hydraulic theory which supposes 
that the dilation of the pupil takes place by means of the contraction of the blood-vessels 
of the iris. In this case these dilator nerves would be vaso-constrictor nerves. This 
hypothesis is clearly not worthy of serious consideration, and is at once overthrown by the 
fact that these nerves can cause most marked dilation of the pupil an hour or more after 
the death of the animal when the circulation has absolutely ceased. 

2 Ferrier and Yeo (Proc. Roy. Soc. 1881, Vol. xxxt., p. 17) noticed that in th 
monkey stimulation of the anterior roots from the Ist thoracic up to the 4th cervical 
caused no alteration in the size of the pupil. 
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nrtiseaeedinek splanchnic nerves to the distal eich before they alter 
their character; the one passing directly to the superior cervical 
ganglion in the bundle of fine medullated fibres which can be dissected 
out of the conjoint vago-sympathetic nerve in the neck; the other in 
the bundle of similar fibres which passes along the abdominal 
splanchnics into the semilunar ganglia. In both cases they cannot be 
traced further as medullated fibres; in the one case they in all 
probability lose their medulla in the distal semilunar ganglia, in the 
other, with equal probability, in the distal superior cervical ganglion. 

The histological, anatomical and physiological evidence then all point 
to the same conclusion, viz., that in the sphincter muscle of theiris — 
we have yet-another example of a muscular structure supplied 
by two nerves of opposite character, the one motor and the 
othef inhibitory. 

Further the conclusion is forced upon us that, in those animals which 
are unprovided with any special radial muscular fibres, the dilation of 
the pupil which occurs upon stimulation of the dilator nerves is brought 
about solely by the inhibition of the tonic contraction of the sphincter 
muscle in conjunction with the elasticity of the posterior limiting 
membrane or other parts of the iris, in consequence of which the 


pupillary edge of the iris cscs: falls back when the sphincter muscle 
is 


Chapter II. On the nature of the action of the motor and 
inhibitory nerves of the vascular and visceral muscles. 


The evidence which has been given in the preceding pages is 
sufficient to show that the inhibitory nerves are of as fundamental 
importance in the economy of the body as the motor nerves. No 
evidence exists that the same nerve fibre is sometimes capable of acting 
as a motor nerve, sometimes as a nerve of inhibition, but on the contrary 
the latter nerves form a separate and complete nervous system subject to 
as definite anatomical and histological laws as the former ; the complete 
investigation of these laws is one of the most important problems of 
physiology, and is absolutely necessary before we can attempt to under- 
stand the part played by the nervous «iene in the regulation of the 
different vital processes. 

From what has been said we may with safety draw the conclusion 
that the muscular tissue of both the visceral and vascular systems is 
supplied by two sets of nerves, of which the one sets that tissue in 
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Tt activity and causes contraction, the other inhibits its action and causes 
ae relaxation; further, no explanation of the action of this latter set of 
nerves can be satisfactory which is not as far reaching and fundamental 


a in its character as that given for the action of the former set. 
l I propose then in this chapter to give such an explanation of the 
> opposite actions of these two sets of nerves as shall place the nerves of 
inhibition upon an equal footing with motor nerves. My arguments are 
necessarily based entirely upon the action of the cardiac nerves, for in 
| their case only have we sufficient data on which to build a theory. 
; i But the structural and anatomical affinities of these nerves to other 
a | corresponding nerves of the vascular and visceral systems have been 
so clearly proved in the foregoing pages that it is allowable to assume 
that any theory of their action must of er apply to those other 
nerves as well. 


Section I. On the nature of the action of sympathetic cardiac nerves. 


So long as the accelerator nerves were known to exist only in warm- 
blooded animals it was difficult to obtain sufficiently reliable data upon — 
which to found a theory of their action. Since, however, I have been 
able to show that these nerves exist equally in various cold-blooded 
animals, such as the crocodile, frog and tortoise’, it has been possible to 
enlarge our knowledge of their action very considerably, and I propose 
therefore in the first place to show that such nerves belong functionally 
as well as structurally and anatomically to the group of vaso-motor nerves. 

In the spring of 1881°, a full year before the publication of 
Heidenhain’s paper’, I published a preliminary account of various 
experiments upon the action of the vagus nerve on the heart of the 
frog, which showed that this nerve was capable not only of accelerating 
the heart’s action but also of greatly increasing the strength of its 
contractions. A fuller report of these experiments was given at the 
London meeting of the International Medical Congress and the full 
paper was read before the Royal Society in December of that year. In 
this paper I was under the delusion that the frog’s heart was supplied 
with only one nerve, viz. the vagus, and therefore attributed both the 
acceleration and augmentation observed to the action of the fibres of 
that nerve. 


1 Op. cit. 
2 Proc. Camb. Phil. Soc., March 7, 188L. Vol. 1v., p. 75. 
3 Pfliiger’s Archiv. Bd. xxvm. s. 383, 
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The subsequent discovery that the vagus of the frog was in reality 
the vago-sympathetic nerve enabled me for the first time to dissociate 
the action of these two nerves upon the heart of that animal, and there- 
fore to study the effect of the sympathetic cardiac nerves free from 
admixture with the vagus fibres. The tracings so obtained showed 
clearly that the primary effect of the stimulation of the sympathetic is a 
marked increase both in the rate and strength of the contractions of both 
auricle and ventricle. | 

Similar results were obtained both from the tortoise and the 
crocodile, with the exception that the action of these fibres is in these 
animals almost if not entirely confined to the contractions of the auricle. 

I can then assert positively that the action of the sympathetic 
cardiac nerves is to cause an increase in the strength as well as in the 
rate of the contractions of the cardiac muscle. In so far therefore as a 
nerve is motor, because it increases the activity of an already active 
muscle, these nerves can be called motor nerves. 

A motor nerve also sets in action a muscle when it is at rest. This 
is so far true of these cardiac nerves in that they are able to set the 
_ heart beating vigorously and regularly when it is apparently at rest. I 
have often kept the frog upon which I have been experimenting until 
the next morning and found its heart flaccid and apparently motionless, 
no trace of contraction of either auricles or ventricle was to be seen; 
upon then stimulating the sympathetic nerve, in a few seconds both 
auricles and ventricle began to beat, and soon the whole heart was 
contracting regularly and strongly. I have seen a similar result with 


both the crocodile and the tortoise. A closer examination showed that 


although the heart was to all appearance pulseless yet in reality the 
sinus was still contracting; in every case careful observation has 
enabled me to detect weak often slow yet regular sinus contractions 
which were not able to travel into the auricle and so to the ventricle. 


In one case where I could see no movement whatever of the sinus © 


proper, I noticed the superior ven cave still contracting rhythmically. 
Although therefore we can truly say that the sympathetic cardiac nerves 
can set in action the auricular and ventricular muscles when at rest, we 
cannot say that they can cause the heart as a whole to beat when it is 
motionless. The action of the nerve is perhaps rather to improve the 
conduction power of the different muscular tissues which together form 


- the heart than to actually excite into action any part of those tissues. 
We know that in the heart left alone in the body the process of dying © 


is characterized by the formation of successive blocks to the peristaltic 
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wave of contraction as it passes from one heart cavity to another ; first 


the ventricle ceases to respond to the auricle, then the auricles do not 


answer to every sinus contraction, and finally it is possible to conceive 
that a block may ensue between the large veins and the sinus itself; at 
the junction then of each separate cavity with the next in order a 
marked tendency to the interruption of the regular sequence exists, so 
that the restoration of the contractions to auricles and to ventricle, and 
even to the sinus itself, which occurs when by stimulation of the 
sympathetic the apparently pulseless heart is made to beat again, 
denotes probably the power of the nerve in restoring the sequence of 


the contractions, ie. according to the views expressed by me in a 


former paper’, in increasing the conductivity of the cardiac muscle just as 

it increases the contracting power and the rate of rhythm of tha 

muscle. 
This action of the sympathetic, viz. the restoration of the sequence 


_ between the contractions of the auricles and ventricle of the frog’s heart 


can be inferred from the results of my paper in the Phil. Trans. 1882, 
where as was noted at the time, and as may be seen in Figs. 17, 18, 
Pl. 69, the restoration of the sequence between auricle and ventricle due 
to the action of the vago-sympathetic nerve when a block had been 
caused by clamping or otherwise, is coincident with the period of 
maximum contractions, i.e. occurs when the action of the sympathetic is 
at its maximum. In many cases noticed in that paper, of which an 
example is given in Fig. 18, Pl. 69, this restoration of sequence took 
place upon vago-sympathetic stimulation when at the same time the 
curves showed that the inhibitory fibres of that nerve had not been set 
in action so that sympathetic effects were alone visible. 

During 1884 I have repeated these same experiments a few times 
with the sympathetic alone and the intra-cranial vagus alone, and have 
obtained undoubted evidence that the sympathetic is able to restore the 
sequence between auricle and ventricle at the same time that it increases 
the force of the contractions. 

I conclude therefore that the primary effect of these nerves is to 


increase the activity of the cardiac muscle in all directions; they increase 


the rhythmical power, the contraction power and the conduction power 
of the muscular tissues, In fact they act in all these respects just as we 
should expect a motor nerve to act if the muscle it supplied was not at 
rest but in an active condition. 


1 This Journ., Vol. tv. p. 43. 
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Our knowledge of the action of any nerve is not however complete 
as long as we only know its primary action; the chemical changes which 
the action of the nerve sets up in the tissue must manifest themselves 
in a more or less permanent after-effect which must be recognizable 
apart from the more temporary primary effect of the stimulation of 
the nerve. Thus we recognize that a motor nerve causes a muscular 
contraction by means of chemical changes in the muscle which are of a 
destructive nature, so that the after-effect upon the muscle is in the 
direction of exhaustion ; and if the activity of the muscle be long continued 
this exhaustion becomes very manifest. In describing the phenomena 
accompanying the action of a motor nerve the subsequent exhaustion is 
as important a factor as the contraction of the muscle. 

If therefore the sympathetic cardiac nerves are the motor nerves of a 
rhythmically active muscle, it follows that part of their action, and 
that by no means an unimportant part, must show itself as an after 
exhaustion. Now we know that the cardiac muscle when exhausted 
contracts like all other contractile tissues less strongly, and we also know 
that one of the most characteristic signs of exhaustion in the heart as a 
whole is the gradual failure of the regular sequence in the contractions 
of its different cavities. By these two characteristic signs the sympa- 
thetic manifests its relationship to motor nerves. _ 

In my paper in the Phil. Trans. 1882 I noticed (see Fig. 9, Pl. 68), 
that the augmentation of the auricular contractions in the toad — 
consequent upon vago-sympathetic stimulation was followed by a 
diminution in the size of those contractions with a subsequent return to 
the same height as before the stimulation of the nerve. In some of the 
curves then obtained it is seen that this after diminution took place 
when, as far as can be judged from the absence of any primary inhibitory 
effect, the sympathetic fibres were alone affected by the stimulation. 
This diminution of the strength of the auricular contractions puzzled me 
at the time, and I did not attempt to.give any explanation of it. In the 
light however of further evidence, which I have been able to obtain 
since the date of the publication of that paper, it seems clear that such 
diminution expresses the amount of exhaustion in the auricular muscle 
due to the motor influence of the stimulated sympathetic nerve. 

In order to determine this point I argued that if the sympathetic 
nerve was motor in its action, then the exhaustion which follows in con- 
sequence of each stimulation must be still more striking at the end of 
a series of long and powerful stimulations following each other at short 
intervals ; I therefore compared the contractions of a number of hearts 
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whose sympathetic nerves had been strongly stimulated for a long period 
with others in which either the cardiac nerves had not been stimulated 
at all or the intra-cranial vagus had been excited in the same manner as 
the sympathetic. In some cases the heart was suspended and tracings 
taken both of auricular and ventricular contractions; in others the com- 
parison was made by direct observation of the hearts in situ, the frogs 
being placed side by side. 

Such experiments show that the rapidity with which the force of the 
contractions diminishes during the course of each experiment is decidedly 
accelerated by strong stimulation of the sympathetic nerve, the contrac- 
tions becoming weaker after such a stimulation than they would have 
been if the intra-cranial vagus had been stimulated or even if the heart 
nerves had been left at rest. 

In the same set of experiments I was able to cher the exhausting 
after-effects of sympathetic stimulation upon the sequence of the ventri- 
cular and auricular contractions. I have noticed again and again in the 
case of the suspended heart with the clamp in the auriculo-ventricular 
_ groove that a comparatively slight increase in the tightness of the clamp 
is sufficient to prevent the contractions from passing into the ventricle, 
provided that the sympathetic nerve had been previously stimulated for 
some time; on the other hand, it’ is wonderful how tightly that clamp 
must be screwed together before a block is caused after a series of stimu- 
lations of the intra-cranial vagus. — 

Further without altering the position of the clamp, when the ven- 
tricle is responding with perfect regularity to every auricular contrac- 
tion, the exhaustive after-effect of the stimulation of the sympathetic 
is manifested by the frequent omission of ventricular contractions. 
The failure of sequence so caused is as a rule irregular in its character, 
_ so that the ventricle fails every now and then to respond to an auricular 
contraction instead of failing er after every second or third con- 
traction of the auricles. 

From these observations it follows that the cardiac sympathetic 
nerves belong to the group of motor vascular nerves because they 
augment the activity of the cardiac muscle, and that augmentation is 
followed by exhaustion. We may therefore call them the motor nerves 
_ of the heart and class them functionally as well as structurally and 
anatomically with the other motor vascular nerves. Seeing however 
that nerves of the same character exist in all probability for all organs 
and tissues of the body, whether they are muscular or not, it is better to 
use some other term than motor in speaking of such nerves, some term 
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which shall be of wider application and yet shail denote their main 
characteristics. 

When a tissue such as a muscle is said to be at rest we know that 
in reality a continual interchange of material or metabolism is all the 
time taking place, the condition of equilibrium which we denote by the 
term rest being brought about by the counterbalancing of the two oppo- 
site processes of destructive and constructive metabolism, or as Hering 
has called them of assimilation and dissimilation. In other words meta- 
bolism includes the two opposite processes of destruction and construc- 
tion, or as they may be called of katabolism and anabolism. When 
the muscle is set in activity by stimulation of its motor nerve or other- 
wise then a great increase in the destructive changes occurs. with subse- 
quent exhaustion until by gradual repair the former condition of the 
tissue is restored. We can therefore with justice speak of the motor 
nerve of a muscle as the katabolic nerve of that tissue; and seeing 
that such a term is applicable to the destructive metabolism of all 
tissues whether contractile or not it is better to speak of the sympa- 
thetic cardiac nerves as the katabolic rather than the motor nerves of 
the heart. 


SecTION II. On the nature of the action of the cardiac vagus nerves. 


Last year at the International Medical Congress at Copenhagen I 
read a paper on Inhibition, in which I gave my reasons for considering 
the inhibitory cardiac nerves as nerves which brought about a constructive 
and not a destructive metabolism of the muscular tissue of the heart, 
as nerves therefore which may be called anabolic in contradistinction 
to the katabolic sympathetic nerves. 

In that paper, which has just appeared, I dimes three questions; 
1. Do the cardiac inhibitory nerves possess a separate existence? 2. Do 
they retain their inhibitory power right up to their termination in the 
cardiac muscular tissue? 3. Is the nature of their action upon the 
muscle constructive, destructive, or neutral ? 

The first question is answered in the affirmative by the fact that in 
all animals examined, inclusive of the frog, the accelerator and inhibitory 
fibres run a separate course, as already mentioned in previous sections 
of this paper. 

The answer to the second question depends largely upon the inter- 
pretation of the inhibitory phenomena observed in any portion of the 
cardiac muscle upon direct stimulation of that portion. In a former 
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paper’ I have shown that a diminution of the strength of the spontaneous 
or artificial rhythmical contractions of a strip of auricular muscle takes 
place when an interrupted current, too weak to cause contractions, 
is sent through that strip; and I pointed out that the explanation 
of the localized inhibition must be sought for either in the stimulation 
of inhibitory nerve fibres in that strip or else in the direct action of the 
interrupted current upon the muscular tissue. At that time I was in- 
clined to accept the latter explanation without however being strongly 
persuaded one way or the other. Since that time further consideration 
and examination of this problem have led me definitely to the conclusion 
that the first explanation is the correct one, and that therefore the. 
diminution of the contractions of the isolated muscular strip when a 
weak interrupted current passes through it is evidence of the existence 
of inhibitory nerve fibres in that strip; consequently the inhibitory 
nerves pass as such into the muscular tissue itself and act upon that 
tissue directly without the medium of any intermediate apparatus. The 
grounds for this conclusion are as follows : 

In the first place, as originally pointed out, the weak interrupted 
current causes a diminution of the contractions of those muscular strips 
only which are taken from that part of the heart in which stimulation 
of the vagus causes a diminution of contraction, e.g. in muscle taken 
from both auricle and ventricle of the frog but from the auricle only of. 
the tortoise. 

Also atropin removes this action just as it prevents the effect of the 
vagus. | 

Both these facts show the close relationship between this setion ae 
direct stimulation and that of the vagus nerve. 

Now in all these experiments the interrupted current was sent 
through the whole of the strip of suspended muscle while the single 
induction shocks were sent in at one end. Since that time I have 
varied the position of the two electrodes and have found that the same 
diminution of contractions takes place when the single induction shocks 
are sent through the whole strip and the interrupted current applied at 
one end, or when the two pairs of electrodes are applied to opposite ends 
of the strip. Moreover if the strip be held firmly in the middle by a 
clamp, and the single induction shocks be applied to the lower portion 
while the weak interrupted current is applied to the upper portion of 
the strip, then it is possible to clamp so tight that only the contractions 


1 This Journ., Vol. rv. p. 43. 
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of the lower portion of the strip are registered by the lever attached to 
the lower extremity, and yet to obtain a diminution of these contractions 
during the passage of the interrupted current through the upper half of 
the strip; in fact, the upper portion can be treated as a nerve supplying 
the lower. When the clamp is tightened sufficiently, then the stimu- 
lation of the upper portion is no longer able to produce any alteration in 
the strength of the contractions of the lower half, showing that the 
effect produced is not due to any escape of current on to the lower 
portion, for the continuity of the tissue still remains after the clamp 
had been tightened. These experiments show that such inhibition is 
not due to the direct action of the stimulus on the muscle but rather to 
the excitation of nerve fibres in the strip. 

This conclusion receives confirmation also from the results of stimu- 
lation of the cardiac muscle after degeneration of the vagus nerve. In 
its behaviour to vagus stimulation the heart of the crocodile is very 
similar to that of the tortoise; the contractions of the auricles are 
chiefly influenced by the nerve and a strip of muscle taken from them 
responds to a weak interrupted current in precisely the same way as 
already noticed in the case of the tortoise. The diminution which 
a weak interrupted current sent through the strip produces in the 
contractions excited by single induction shocks is most marked, If. 
however both vagi nerves have been cut some time before so that the 
cardiac fibres have degenerated, then it is extremely difficult to obtain 
any diminution of these contractions by the passage of the interrupted 
current. In some cases a very slight diminution was noticed, in others 
no effect whatever could be seen. With the degeneration of the inhibi- 
tory fibres the inhibitory power of a stimulus applied to the muscle 
directly more or less completely disappears, showing that such inhibition 

is in reality due to the stimulation of nerve fibres in the muscle itself. 
| Finally Ransom’ has shown that the inhibitory effects produced by 
direct stimulation of the cardiac muscle of Invertebrata are also due to 
the action of inhibitory nerves in that muscle. | 

I consider it therefore as certain that the inhibitory nerves possess 
an independent existence, and that their function remains unaltered 
from their origin to their termination in the muscular tissues of the 
heart. 

We come then now to the third question discussed at the Congress, 
viz. the nature of their action. I argued that the alteration in the 


1 This Journ., Vol. v. p. 261. 
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properties of the cardiac muscle caused by vagus stimulation must be 
brought about in one of three ways: the action of the nerve must be 
either neutral, destructive or constructive in its relations to the muscular 
tissue. The general view hitherto held has been that inhibition is to 
be explained by some process of interference which takes place in the 


nervous apparatus of the heart, and therefore the muscular tissue is only 


a passive instrument in the hands of such mechanism. Such an expla- 
nation is obviously untenable in the face of the evidence which now 
exists to show that all the properties of the muscular tissue are deeply 
affected by the stimulation of the inhibitory fibres, and that those fibres 


produce the same effects up to their termination in the muscular 


substance. Any explanation of inhibition which is to hold good must 
not confine itself merely to the cessation of rhythmical action, but must 
also explain the diminished contractions and the relaxation of the 
cardiac muscle. 

It is perfectly possible to imagine that the depression of function 
which is the symptom of inhibitory action, the slowing of the rhythm, 
the diminution of the contractions, the relaxation of the muscle, the 
lowering of excitability and conductivity are all signs of some change in 
the properties of the muscular tissues akin to exhaustion; so that we 
might be tempted to describe the inhibitory phenomena as significant 
of destructive changes produced in the muscle by the action of the nerve. 
But exhaustion as we ordinarily know it is an after-effect of activity, 
whereas the phenomena we are now dealing with appear as the primary 
effect, and moreover are followed by results the very opposite of those of 
exhaustion. In the various papers’ which I have written on the subject 


1 An apparent exception to this statement is found in the description of a demonstration 
of the action of the intra-cranial vagus nerve of the frog given before the members of the 
Physiological Society at Oxford. (Proc. Physiol. Soc., June 7,1884, This Journ., Vol. v.) 
The description there given applied simply to the demonstration in question, and truly 
described what was seen at the time. I made use however of terms which were certainly 
not warranted by that demonstration ; thus I spoke of a ‘“‘permanent” weakening and of 
the production in the heart of “‘a condition very near to that of death” as the result of a 
series of intra-cranial vagus stimulations. This weakening of the heart’s action is by no 
means permanent; it is true that after a series of stimulations of the intra-cranial vagus 
the slowing and weakening effect of the nerve stimulation may continue some time after — 
the end of the last stimulation, but sooner or later the heart recovers and beats better and 
stronger than before, even without stimulation of the sympathetic nerve; theré is no 
question whatever of a condition near to that of death. In the demonstration at Oxford I 
did not allow sufficient time after the last stimulation of the intra-cranial vagus nerve for 
this spontaneous recovery to take place, as I wanted to demonstrate the effect of stimulation 
of the sympathetic nerve upon the heart when it was beating weakly in consequence 
of vagus stimulation. 
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I have throughout shown that the inhibitory process is not harmful to 


the functions of the cardiac muscle, but that on the contrary the after- 
effect. is a beneficial one; the rate of rhythm is maintained if the heart 
is beating at its normal rate, or it may be increased if it is beating 
abnormally slow, the contraction power is maintained or increased if 
exceptionally weak, the conduction power is regained, the damaged 
tissue is repaired as the ultimate consequence of stimulation of inhibi- 
tory fibres. In fact the result of stimulation of these nerves 
is exactly opposite to that of the sympathetic nerves; theré, 
increased activity followed by exhaustion, symptoms of kata- 
bolic action: here, diminished activity followed by repair of - 


function, symptoms of anabolic action. 


There is then to my mind no greater mystery involved in the con- 


~ ception of a nerve of inhibition than in the conception of a nerve of a 


contraction. In the former case the cessation of function, the relaxation 


of tissue, is a symptom of constructive chemical changes going on in the 


tissue, Le. of anabolism or assimilation or trophic action, in precisely the 
same way as the activity of function, the contraction of the tissue, is a 
symptom of destructive changes, i.e, of katabolism or dissimilation. 

The nerves of the heart are the most perfect types of such opposite 


“nerve actions, and to their further study I look with confidence for still 


more decisive proofs of this theory of inhibitory action; they do not 
however stand alone. The laws governing the structure and course of 
similar fibres throughout the body have been already indicated in these 


pages; the evidence is becoming daily stronger that every tissue is in- 


nervated by two sets of nerve fibres of opposite characters so that I look 


forward hopefully to the time when the whole nervous system shall be 


mapped out into two great districts of which the function of the one is 
katabolic, of the other anabolic, to the peripheral tissues: two great 
divisions of the nervous system which are occupied with chemical 
changes of a synthetical and analytical character respectively, which 


_ therefore in their action must show the characteristic signs of such 


opposite chemical processes. 
At present our knowledge of such physical and chemical signs is 


- confined almost entirely to those which are associated with katabolism 


and with the action of katabolic nerves. One of the chief physiological 


_ problems of the future is to establish the symptoms of anabolism in the. 


same manner as has been done for its opponent; already we find the 
commencement of the performance of this task. The work done by 


Hering and Biedermann points directly to a separation of the two 
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processes of assimilation and dissimilation; and in a recent paper 
Biedermann’ has shown that the inhibitory action of the constant 
current upon the veratrinized muscle of the frog is associated with a 
positive and not with a negative variation of the electrical current. 
Again quite recently Bayliss and Bradford’ have demonstrated 


that the action of the chorda tympani on the submaxillary gland 


is associated with a positive variation of the electrical current while 
sympathetic stimulation causes a negative variation. If therefore other 
é¥idence tends to show that the former nerve contains fibres which are 


_ anabolic, while the latter nerves are katabolic to the gland tissue, this 


investigation appears to me to afford strong confirmation of such 
difference of action in these two nerves, 

At present we possess indications only of such other evidence, yet 
such indications are distinctly in favour of the hypothesis here laid 
down. Judging from what has been already said upon the structure 
and distribution of the two nerves which supply the various salivary 
glands, we should rather expect to find the katabolic nerves in the so- 


_ called sympathetic supply and the anabolic in the so-called cerebro- 


spinal. Now Heidenhain has separated these nerves into two sets, 
the trophic and secretory nerves of the glands, these two sets correspond- 
ing very largely with the anatomical distribution; the sympathetic 
fibres are essentially trophic fibres, the cranial secretory. He makes 
use of the term “trophic” in a somewhat peculiar sense, not meaning 
thereby necessarily constructive changes in the gland substance, but 
simply changes which lead to the formation of the essential constituents 
of the gland secretion from the protoplasm of the gland. Such changes 
however are according to our present knowledge with much more proba- 
bility brought about by the katabolism rather than by the anabolism 
of the protoplasmic meshwork ; it would be better therefore to call such 
nerves “katabolic” rather than “trophic.” The formation of granules 
upon stimulation of the sympathetic nerves takes place at the expense 
of the protoplasm of the gland cell. 3 
On the other hand stimulation of the secretory nerves appears to 
produce a double effect. In a recent paper Langley® has brought 
forward evidence pointing strongly to the conclusion that the growth of 
the protoplasm in the gland cell is not brought about by the action 
of the so-called “trophic” nerves, but rather is under the control of the 
Sitzb. d. Kaiserl. Akad. d. Wissensch, 1885. m1. Abtheil. 


2 “ Proceedings of Physiol. Soc. 1885,” p. xiii, in this Journ., Vol. vr. 
3 This Journ., Vol. v1. p. 89. 
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so-called “secretory” nerves; that therefore two sets of fibres must be 
distinguished in these latter nerves, the one secretory, by the action of 
which the water and granules are discharged from the cell, the other 
anabolic and concerned in the building up of the protoplasmic network. 

These anabolic glandular nerves would then correspond anatomically 
as well as physiologically to the inhibitory nerves of muscular structures. 
The decisive proof that inhibition is a symptom of anabolism in. 
the same way as contraction is a symptom of katabolism will in all. 
probability be found in the heart; and perhaps the most importa 
investigation which must be done before this theory of anabolic nerves 
is based on an absolutely firm footing is to find out, what are the 
electrical and thermal changes in the heart muscle which accompany the 
stimulation of its inhibitory nerve fibres. 

Finally, although in this paper I have carefully abstained from 
dealing with the structure and function of the afferent nerves, I desire 
to point out that this explanation of inhibition is applicable to inhibition 
occurring in the central nervous system as well as in peripheral tissues. 
‘We can speak of nerves which are excitor and inhibitory to the activity 
of nerve centres, as the katabolic and anabolic nerves of such centres, in 
the same- way as we have used these terms for the corresponding 
peripheral nerves ; and we can explain inhibition occurring through the. 
action of an afferent nerve in one of two ways, either such nerve sets in - 
action reflexly the anabolic nerve of the tissue, the activity of which is 
inhibited, or else it is itself the anabolic nerve of the centre which 
governs the activity of that tissue. As I hope to deal with the whole 
question of the structure, distribution and function of the afferent nerves 
in a subsequent paper it is not advisable to say more about the function 
of such nerves here. 


Part II. ON SOME MORPHOLOGICAL POINTS CONNECTED WITH THE 
DISTRIBUTION OF THE VISCERAL AND VASCULAR NERVES. 


Section I. On the Morphology of the Superior Cervical Ganglion. 


I have already pointed out that the superior cervical ganglion must 
be looked upon as a distal ganglion, its only connection with the central 
nervous system being by means of the cervical splanchnic nerve. Such 
a conclusion is borne out by the investigation of this ganglion in various 
groups of animals. 
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The characteristic of this ganglion in mammals is its separate 


position from the neighbouring ganglia of the vagus and glosso- 


pharyngeal nerves, and its definite connection with the cervical splanchnic 
(cervical sympathetic), the nerves of which run right into it. 

Another characteristic of mammals which coincides with the large 
size of the superior cervical ganglion, is the great development of the 
prevertebral or collateral ganglia in the abdominal region. 

Among the Reptilia we find two types of arrangement in the cervical 
Portion of the sympathetic system; one, as in crocodiles, which follows 
the avian type and consists of the regular continuation of the metameric 
lateral chain in’ the canalis vertebralis formed between the capitulum 
and tuberculum of the cervical mbs, with a cervical collateral chain in 
the shape of the symp. impar; the other, as in the tortoise, lizard, &. 


which is formed on the mammalian type and consists of a superficial 


sympathetic nerve trunk passing upwards in the neck alongside of the 
vagus nerve and starting from the uppermost of those ganglia which 
lie close against the vertebra. In addition to this nerve which is 
commonly called the superficial cervical sympathetic, a deep cervical 


sympathetic is usually described, which is free from ganglia and 


corresponds in part at all events to the plexus vertebralis of mammalia. 


_ In these latter cases only, i.e. in reptiles which do not possess complete 


cervical ribs, can we compare the arrangement of the cervical sympa- 
thetic nerve and its ganglia with that in mammals. 

We find in Stannius the assertion that a ganglion cervicale supre- 
mum and a ganglion cervicale medium are frequently found in connection 
with the superficial cervical nerve in various classes of reptiles. Thus, 
(Handbuch der Zootomie, Siebold and Stannius, Bd. 11. Wirbelthiere, 
S. 151) in the description of Amphibia monopnoa :—“ Der Stamm des 
N. Vagus besitzt fast allgemein bei seinem Eintritt in die Brusthohle — 
eine Anschwellung (ganglion trunci) welche als Vereinigungspunkt in der 
Bahn des N. Vagus verlaufender sympathischer Elemente mit solchen, 
die aus den letzten Halsnerven stammen und als Ausgangspunkt von 
R. R. cardiaci, ein Ganglion cervicale medium vertritt.” 

_ Among the peculiarities of the Sauria they describe, p. 154, talking 
of the deep and superficial cervical sympathetic nerves “Beide pflegen 
mit dem, dem N. glossopharyngeus anliegenden, Ganglion cervicale 
supremum unmittelbar oder mittelbar verbunden zu sein.” 

In Ophidia, p. 156 :—“ Was den N. sympathicus der Ophidia anbe- 
trifft so ist das dem N. glossopharyngeus anliegende Ganglion cervicale 
supremum Sammelpunkt von Verbindungsschlingen der Hirnnerven.” 
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In Chelona, p. 187:— “Kine Schlinge verbindet den N. facialis mit 
dem dem N. glossopharyngeus anliegenden Ganglion cervicale supremum. 
Von diesem aus ist der Grenzstrang zum N. vagus und hypoglossus 
erstreckt und dann als oberflichlicher Halsstamm neben dem N, vagus 
und dem Truncus caroticus verlaufend fortgesetzt. Er geht am Ein- 
gange der Brusthohle iiber in ein Ganglion cervicale medium, das dem 
N. Vagus mehr oder minder dicht anleigt, mit ihm in Verbindang steht: 
und dann bei manchen Chelonien ein ganglion trunci bildet.” 

From these descriptions alone it is nearly certain that the ganglion 
cervicale supremum of Stannius is in reality the ganglion petrosum of 
the glosso-pharyngeal, as most undoubtedly his ganglion cervicale 
medium is the ganglion trunci of the vagus nerve. 

Fischer’ was strongly persuaded of the identity of this ganglion 
with the ganglion petrosum as is seen in the following passage. 

“Der Sammelpunkt des doppelten Kopftheils ist, wie vorhin 
dargethan, meistens ein in der Bahn des Glossopharyngeus gelegenes 
Ganglion, von uns nach Bendz Vorgange als ganglion petrosum 
bezeichnet,—diese Anschwellung ist zugleich meist der Punkt, von wo 
aus der (oberflachliche) Halstheil des Sympathicus beginnt. Aus dieser 
Einmiindung und Ausstrahlung sympathischer Fasern scheint zu folgen, 
dass das Ganglion selbst ein Knotenpunkt im System der sympathischen 
Schlingen sei, und etwa als Ganglion cervicale supremum aufgefasst 
werden miisse. Miiller ist (fiir Python) in der That dieser Ansicht. 
Da indessen das Ganglion cervicale supremum eine Anschwellung 
ist, die im Grenzstrange selbst liegt, und von dem aus Manche den 
Kopftheil des Sympathicus nach vorn (oben), den Halstheil nach hinten 
(unten) ausstrahlen lassen, so widersteht der Deutung unseres Ganglions 
als Ganglion cervicale supremum der Umstand, dass nicht immer die 
Kopftheile des Sympathicus in dasselbe einmiinden, sondern zuweilen 
diese Anschwellung umgehend, und nur durch feine Verbindungs- 
zweige oder gar nicht mit ihm verkniipft, sich direct in den Halstheil 
des Sympathicus fortsetzen. Da hingegen dies Ganglion, wo es auch 
sei, immer in der Bahn des Glossopharyngeus liegt, so scheint die 
Bezeichnung desselben als Ganglion die einzig richtige 
zu sein,” 

As far as I myself have examined the question there can be no doubt 
of its identity. In the first place it is impossible of belief “that a - 


large .sympathetic ganglion should be found in the snakes in this. 
one a when n no other ganglia of either the lateral or collateral 


Op. cit. p. 196, 
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systems are known to exist in these animals. In the second place 
an examination of freshly-killed specimens of Testudo Graca and 
Lacerta ocellata gives the clearest evidence that the cervical sympathetic 
does not pass into this ganglion on the glosso-pharyngeal but only passes 
by it or over it, sending branches to the ganglion but never entering 
into it, as would be the case if it truly corresponded to the superior 
cervical ganglion of Mammalia. (See figures in Fischer.) 

I have examined this question with especial care in the tortoise 
(Testudo Greca) for Martin and Moale’ in their description of an 
allied species Pseudemys rugosa describe a superior cervical ganglion with 
which both vagus and glosso-pharyngeal are in connection. 

At first sight the cervical sympathetic of the tortoise appears 
undoubtedly to enter into the lowermost of the two upper ganglia of the 
vagus, and without closer examination it is very natural to call this 
second ganglion the superior cervical; for in the vagus of this animal we 
find three distinct ganglia, the uppermost of which would therefore be the 
ganglion jugulare, the second the superior cervical, and the third, which is 
situated low down at the commencement of the thoracic portion of the 
nerve, the ganglion trunci. An examination however of either a fresh or 
an osmic preparation under a dissecting lens shows that the cervical 
sympathetic simply lies against the ganglion and does not enter into it; 
with a pair of needles it can be isolated as a separate nerve just as easily 
in its passage under the ganglion as in its course alongside the main 
trunk of the vagus nerve. The relation ofthis second ganglion on the 
vagus of this animal to the ganglion petrosum of the glosso-pharyngeal 
will be dealt with subsequently. | 

The evidence then strongly points to the conclusion that in those 
cold-blooded animals which possess a cervical sympathetic of the same 
nature as that found in mammalia no superior cervical ganglion exists ; 
and correlated with the absence of this ganglion we find that the 
collateral ganglia are inconspicuous or absent although at the same time 
the lateral ganglia are well formed and conspicuous. From morpholo- 
gical considerations therefore it would appear that this ganglion belongs 
rather to the collateral than to the lateral group of ganglia. The 
evidence of morphology is in harmony with that of anatomy and 
physiology and confirms the view put forward in the preceding pages 
that the superior cervical ganglion belongs to the distal rather than to 
the proximal group of ganglia. 


1 How to dissect a Chelonian. New York, 1881. 
va 
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Secr. II. On the central origin of the ramus visceralis. 


The evidence which has already been given shows that the rami 
viscerales do not arise equally from all parts of the central nervous 
system, but from certain limited portions of it, viz. from three regions, 
the limits of which I have given under the title of cervico-cranial, 
thoracic and sacral regions. It is possible to go further than this and 
to trace them to their origin in the central nervous system. The 
central grey matter of the spinal cord contains nerve cells which are 
divisible into four groups, those of the anterior and posterior horns, 
and those of the lateral horn and of Clarke’s column. Now we find 
that the two first of these groups of cells form continuous columns 
along the whole length of the spinal cord; and that the lateral group 
forms a distinct column in all parts except the cervical and lumbar 
swellings, where it is undistinguishable from the cells of the anterior 
horn. Clarke’s column or the columna vesicularis on the other hand 
forms a discontinuous column, the cell groups of which it is composed 
being very definitely limited to certain regions. These regions are 
divisible into (1) a cervico-cranial region, (2) a thoracic region, and (3) a 
sacral region. | | 

This column of cells is most conspicuous in the thoracic region; it ~ 
commences at the origin of the 2nd thoracic nerve and continues along 
the whole thoracic part of the cord to about the origin of the 2nd 
lumbar nerves; corresponding therefore absolutely to the region of the 
thoracic outflow of visceral nerves. Below the level of the 2nd lumbar 
nerve a localized nucleus of cells belonging to this cell column is known 
in the sacral region as “Stilling’s sacral nucleus,’ corresponding 
closely in position to the sacral outflow of visceral nerves. Above the 
level of the 2nd thoracic nerve this column of cells again makes its 
appearance at the level of the 2nd cervical nerve, forming the so-called 
cervical nucleus, Above this point its continuation leads into part of 
the nuclei of the vagus and glosso-pharyngeal nerves. ) 

This appearance of the nerve cells of Clarke’s column in the cervical 
region coincides with the appearance of the bundles of very fine 
medullated fibres in the spinal accessory nerve, and the continuation 
upwards of the column into the nuclei of the lower cranial nerves 
coincides with the cervico-cranial outflow of visceral nerves as a 
whole. 


Although as yet the fine medullated fibres which constitute the 
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rami viscerales have not been directly traced into the cells of the 


column vesiculares, the connection of these fibres with this column of © 
cells is to my mind proved conclusively by the fact that the cells 
of Clarke’s column are confined to those regions of the 
central nervous system which give origin to the rami vis- 
cerales. | | 

It by no means follows that the origin of the ramus visceralis is 
settled because it can be proved to arise from Clarke’s column. It 
possesses in addition certain important relations with the cells of the 
lateral horn. These relations can be best explained by the description 
of the formation and meaning of the rami viscerales of the upper 
cervical region. 

In this region we find that ich segment gives origin not to two 
roots only, as “in the thoracic and lumbar regions, but to three, viz. 
anterior, posterior, and lateral roots. The anterior and posterior roots 
unite to form the Ist, 2nd, etc. cervical nerves, while the lateral roots 
unite to form the spinal accessory. The spinal accessory in fact is 
formed by certain distinct elements belonging to a number of spinal | 
nerves, which elements may be spoken of as forming a lateral group of 
nerve roots distinct from the anterior and posterior groups. 

When we examine the composition of this nerve which is derived 
exclusively from lateral roots we find, as already mentioned (p. 10, cf. 
Fig. 7, Pl. IV.), that it is composed of two distinct portions, the one (4, 
in the figure) containing large medullated fibres, and the other (V) very 
fine medullated fibres with a few large ones interspersed. These two 
portions form a single nerve enclosed in its connective tissue sheath; 
when however this nerve has passed the ganglion jugulare vagi it 
separates into two branches, of which the one, the external branch, is 
non-ganglionated and supplies the trapezius and sterno-cleido-mastoid 
muscles; the other, the internal branch, is ganglionated and is lost in 
the ganglion trunci vagi. These two branches of the nerve correspond 
respectively to the two portions A and V of the above-mentioned 
figure. 

We may therefore speak of this nerve as composed of two roots, a 
ganglionated and a non-ganglionated root. The ganglionated root has 
been already shown to have connection with the cells of Clarke’s — 
column ; and the non-ganglionated, ie. the motor fibres of the trapezius 
and sterno-cleido-mastoid muscles, are known to arise from the cells of 
the lateral horn. It follows that ‘the lateral roots of this region are 
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separate course outside the spinal cord but by their origin from separate 
centres in the cord itself. 

Further, seeing that these special cell groups, viz. the cells of the 
lateral horn and of Clarke’s column, are not confined to this special 
portion of the spinal cord but occur in other regions and indeed must 
be regarded as forming important parts of the structure of each perfect 
spinal metamere, it follows that the spinal accessory must not be 
regarded as composed of nerve fibres, the homologues of which do not 
exist in the anterior and posterior roots of the thoracic and lumbo- 
sacral regions; but that, on the contrary, we must look upon every 
spinal nerve as made up of three roots, one of which, viz. the lateral 
root, is mixed up with the other two in all regions of the spinal cord 
below the cervical, although still retaining its separate centres of origin. 

If therefore we consider the nerve roots which arise from the upper 
cervical segments as typical of the formation of all spinal nerve roots, 
we may speak of the nerves which arise from each o—- segment as 
formed by three roots, _ 

1, An anterior non-ganglionated root in connection with 
the cells of the anterior horn. 7 

2. A posterior ganglionated root in eonmechion with the 
cells of the posterior horn, 

3. A lateral root, which is again divisible into 

a. A ganglionated root in connection with the cells of 
Clarke’s column. 

b. A non-ganglionated root in connection with the cells 
of the lateral horn. | 

From this description it is clear that the triple arrangement of the 
nerve roots is formed by the combination of two symmetrical pairs of 
roots, each pair arising from a pair of nerve centres and composed of a 
ganglionated and non-ganglionated portion; in fact we may describe the 
nerve roots of each segment as composed of two roots, (1) an antero- 
posterior root and (2) a lateral root. 

Now we know that one of the main characteristics of the posterior 
root is to supply cutaneous surfaces with afferent sensory nerves; while 
the characteristic of the non-ganglionated anterior root is to supply 
certain skeletal muscles with efferent motor nerves. 

From these two general characteristics therefore we might use the 
term “somatic” in speaking of a nerve composed entirely of such 

anterior and posterior roots. 

On the other hand we have seen that the evidence of the upper part 
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of the central axis shows that the lateral root gives origin to the ramus 
visceralis, as well as to motor nerves of certain skeletal muscles; this 


root might therefore be called “splanchnic” in contradistinction to the — 


somatic root. 

We could therefore describe each regular spinal nerve as arising by a 
somatic and splanchnic root. At present I use these terms chiefly for 
convenience of description, with the special object of emphasizing the 
distinction in the nerve supply of two distinct groups of skeletal 
muscles. The possible embryological reason for the existence of these 
two separate muscular groups will be briefly considered later on in this 
paper. 

In accordance with this view I would describe the origin of the 
nerves of each spinal segment as follows. 

Every segment gives origin to two roots, (1) a somatic root, 
(2) a splanchnic root. 

The somatic root is composed of two portions, a ganglion- 
ated and. a non-ganglionated portion, and arises from two 
columns of nerve cells, viz. the cell columns of the posterior 
and anterior horns respectively. 

The splanchnic root is composed also of two portions, a 
ganglionated and a non-ganglionated portion, and arises also 
from two columns of nerve cells, viz. the column of Clarke 
and that of the lateral horn. 

The non-ganglionated portion of the somatic root together with 
that of the splanchnic root supplies the skeletal muscular system with 
motor nerves. Such nerves undoubtedly arise from the cells of the 
anterior and lateral horns. I do not however think that we are justi- 
fied in believing that the cell groups of the lateral horn are connected 
only with such motor nerves. The experiments upon the position of 
the vaso-motor centre conducted in Ludwig’s laboratory seem to show 
that the vaso-motor nerves not only pass along the cord from the 
medulla oblongata in lateral tracts, but also are in close connection with 
a group of nerve cells in the medulla known as the antero-lateral 
nucleus of Clarke. This group of nerve cells is apparently an isolated 
portion of the cell column of the lateral horn which has been cut off by 
the crossing of the pyramids. It is therefore possible that the cell 
column of the lateral horn has a connection with vaso-motor nerves as 
well as with ordinary motor nerves. In this case we must look upon the 
ramus visceralis as arising not wholly from the cells of Clarke’s column 
but also from those of the lateral horn. 
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It is impossible, with our present knowledge, to separate from 
each other the somatic and splanchnic roots in the lower regions: of the — 
spinal cord in the same manner as in the cervical region. I have how- 
ever very little doubt that a more complete knowledge of the nerve 
supply of certain groups of muscles, especially of the muscles of respira- _ 
ration, will enable us to define the splanchnic root with as much ease in 
these parts as in the upper cervical region. Already I have been able 
to notice some striking resemblances between the formation of certain 
rami viscerales and of the spinal accessory. 

The external branch of the spinal accessory is not only motor to the 
trapezius and sterno-cleido-mastoid muscles, but also forms a communi- 
cating branch with the cervical plexus. Also, as has been already pointed 


out, no rami viscerales are formed in connection with either the cervical — 


or brachial plexuses, We find the first ramus visceralis belonging to the 
thoracic outflow of visceral nerves in connection with the first nerve 
below the brachial plexus, ie..the 10th spinal or 2nd thoracic; this 
nerve sends a small communicating branch to the Ist thoracic nerve, 
ie. to the brachial plexus. It is to my mind a most significant fact 
that this communicating branch bears the same relation to the ramus 
visceralis that the external branch of the accessory nerve bears to its 
internal branch. The white ramus communicans of the 10th spinal 
nerve (2nd thoracic) is large and is composed of many separate bundles; 
the largest of these bundles arises directly from this small branch of 
communication with the brachial plexus, and not from the main part 
of the 10th nerve. In Fig. 6, Pl. LV., I give a section of this com- 
municating branch after it has left the main stem of the 10th (2nd 
thoracic) nerve. As is seen, it is composed of two parts, the one, A, 
chiefly containing large medullated fibres; the other, V, chiefly containing 
very fine medullated; as we trace the series of sections further and > 
further from the origin of the nerve, we find the two portions separate 
more and more from each other, and at last the nerve splits into an ex- 
ternal and internal branch in precisely the same way as the spinal 
accessory; the external branch carries off the large medullated non- 
ganglionated portion and forms the branch of communication with the 
brachial plexus, while the internal branch is composed of the fine 
medullated portion and passes to the ganglion stellatum as a ramus 
visceralis, | 

In fact the formation of this nerve is precisely similar to what : have 
_ described as a typical splanchnic root in the upper cervical region. 
If we pass down to the lower limit of the thoracic outflow of visceral 
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nerves we find again the same formation; the rami viscerales of the 
24th and 25th nerves (1st and 2nd lumbar) arise from those branches 
which form the genital branch of the genito-crural nerve rather than 
from the main stem of the 1st and 2nd lumbar nerves respectively. 

This resemblance of structure affords the hope that subsequent in- 
vestigation may enable us to map out those muscles which are supplied 
by the large motor fibres of the splanchnic roots; at the same time it 
points strongly to the conclusion that the ganglia of the sympa- 
thetic system are homologous to the ganglion trunci vagi 
and form the ganglia of the ganglionated portion of the 
splanchnic roots. 


visceral nerves. 


_ The ganglia of the main sympathetic chain must, according to 
Onodi', be considered as offshoots (Abk6mmlinge) of the posterior root 
ganglia. If this is so, we may conceive that the posterior root ganglion 
in the thoracic region may be double, part belonging to the somatic, 
part to the splanchnic root. Remak described the origin of non-medul- 
lated fibres from the posterior root ganglion as well as from the sympa- 
thetic ganglia. | 

Undoubtedly grey non-medullated fibres are found in the white rami 
communicantes of the thoracic region; there is no evidence whatever 
that these non-medullated fibres arise from the anterior roots, while 
there is strong evidence that they arise from the posterior root ganglion. 

The connection of the fibres of the ramus visceralis with the cells of 
the ganglion on the posterior roots of the thoracic nerves is most clearly 
visible in the case of the tortoise. In this animal the ramus visceralis 
does not spring from-the ventral branch of the spinal nerve as in mam- 
malia, but arises directly from the ganglion on the posterior root. In 
Fig. 1, PL IV.,1 give a representation of the connection between the sym- 
pathetic ganglia and the thoracic nerves from the 2nd to the 6th inclusive. 
As is seen, the ramus communicans directly connects each posterior 
root ganglion with its corresponding sympathetic ganglion. Owing to 
the insertion of the lumbo-caudalhs muscle the rami communicantes of 
_ the 4th, 5th, 6th thoracic nerves at first pass out of the posterior root 
ganglion in the direction of the roots of the nerves, and then turn over 


1 Op. cit. p. 153.. 
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the muscle to reach the sympathetic chain. In consequence of this 
arrangement, as is seen in Fig. 1, Pl. IV., a series of sections made for the 
purpose of following the spinal roots into the ganglion will at the same 
time enable us to trace the ramus communicans into the ganglion. In 
Figs. 2, 3, 4, 5, Pl. IV., I give drawings made from photographs of four 
sections taken from a consecutive series through the roots and spinal 


- ganglion of the 4th thoracic nerve after staining with osmic acid. The 


figures show clearly how ganglion cells are formed in the ramus visceralis 
independently of those formed round the spinal roots, how these sympa- 
thetic ganglion cells increase in number as the posterior root ganglion is 
approached, and, finally, how they pass into and are lost in among the 


cells of the posterior root ganglion itself. Such a series makes it certain 


that in this case some of the nerve cells of the posterior root ganglion 
are connected with the fibres of the ramus visceralis. 

Further, there is no reason to suppose that the arrangement of the 
nerves in the tortoise is fundamentally different from that of other 
vertebrates ; I do not for instance mean to imply that the apparent 
origin of the whole ramus visceralis from the posterior root ganglion 
signifies that none of its fibres pass out from the central nervous 


system in anterior roots. As a matter of fact both anterior and posterior 


roots pass into the root ganglion in this portion of the spinal cord. 
Doubtless the large motor nerves of the anterior roots run through the 
ganglion and do not communicate with its nerve cells; at the same 
time they are so much lost among the mass of nerve cells that they 
cannot be followed as a separate bundle, It is therefore natural in this 
region for the visceral fibres of the anterior root to pass out from among — 


the cells of the posterior root ganglion. 


This amalgamation of posterior and anterior roots on the central 
side of the posterior root ganglion, so that both roots pass into the 
ganglion, is not so exceptional as at first sight it appears. To my 
surprise I have found that the anterior roots of the 1st and 2nd cervical 
nerves in the dog do not run free from the posterior root ganglion, but 
just as in the thoracic nerves of the tortoise amalgamate with the 
posterior roots before entering into the ganglion, and can only be traced 
through the ganglion by most careful observation of the size of ies 
nerve fibres. 

From what has been said it is clear that in speaking of the Ones 
on the posterior roots we must always bear in mind the possibility that 
any such ganglion may belong both to the somatic and to the splanch- 
nic root, or may belong entirely to the somatic or entirely to the 
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splanchnic. The appreciation of the possible double nature of this 
_ ganglion doubtless harmonizes the two apparently contradictory assertions 
of Onodi’ on the one hand, and Beard’ and Froriep® on the other; 
the former, as already stated, looked upon the sympathetic ganglia as 
offshoots of the posterior root ganglia; the latter observers have shown 
that the posterior root ganglion is developed in connection with certain 
cutaneous sense organs. The former was dealing with the ganglia of the 
splanchnic root, the latter with the ganglia of the somatic root. 

The difference between the ganglia of the somatic and splanchnic 
roots would seem to consist in the fixed position of the former as 
compared with that of the latter. The ganglion of the somatic root 
always holds a definite position on the posterior root; the ganglion of 
the splanchnic root is no longer confined to any single position, its 
component parts are scattered among the various ganglia of the 
so-called sympathetic system, a small portion still remaining as part of 
_ the ganglion of the posterior root. 

The way in which this scattering of the nerve cell-groups of the 
splanchnic root ganglion has arisen in opposition to the concentration of © 
the cells of the somatic root ganglion will be made clear when 
morphologists have given us a trustworthy account of the phylogenetic 
development of the so-called sympathetic system. I look forward to 
the solution of this problem with the greatest interest as well as to the 
solution of the other perhaps still more important question, viz. what 
are the voluntary muscles which are supplied by the Loa coma 
portion of the splanchnic root ? 

An answer to this latter question has already been given by one of 
the greatest of English physiologists. Charles Bell, in his description 
of the nerves of the body‘, was the first to draw attention to the triple 
nature of the nerve roots throughout the central nervous system. He 
divided them into three sets: 1, anterior, containing the fibres of common 
voluntary motion; 2, posterior, containing the nerves of sensation ; 3, 
lateral or respiratory, containing nerves which excite motions dependent 
on or related to the act of respiration. He says*® 

“T imagine that the same column or tract which gives origin to the 
fourth, seventh, glosso-pharyngeal, par vagum, and spinal accessory 


' Loe. cit. 

2 Zoologische Anzeiger, April 20, 1885 

3 Archiv f. Anat. u. Physiol. Anat. Abth, 1885, s. 1. 

4 The nervous system of the human body. London, 1830. 
5 Op. cit. p. 49. 
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nerves is continued downwards along the lateral parts of the spinal . 
marrow, and that it affords roots to the spinal nerves, constituting them 
respiratory nerves as well as nerves of motion and sensation; and that. 
it especially supplies the ‘Toots of the diaphragmatic nerve, and the 
external respiratory nerve.’ 

Charles Bell himself was, I understand, more proud of his 
conception of special lateral or respiratory roots than of his famous 
functional separation of the anterior and posterior roots. 

Physiologists have doubtless failed to follow up the clue thus given 
by Bell because the full bearing of this triple arrangement of the nerve 
roots was not immediately evident like the separation of anterior motor 
from posterior sensory roots. Now, however, we can see the importance 
of his conception; we see that this lateral tract of nerve roots, these 
so-called respiratory nerves, are the same as the non-ganglionated part 
of the splanchnic root. The significance of this agreement between 
Bell’s conception and mine is apparent on the face of it; by respiratory 
nerves he meant, as he himself describes, those nerves which are depen- 
dent on or related to the act of respiration. The muscles in question 
included those of deglutition, of phonation, of smelling, &c., as well as | 
the more purely respiratory muscles. _ 

This conception of Bell’s has, it appears to me, received the most 
important confirmation in a paper by Van Wijhe’. He points out 
firstly that the mesoblast plates are divided in the head into a double 
set of segments, viz. (1) a dorsal series, forming 9 separate “somites,” and 
(2) a ventral series, forming a series of lateral plates (Seitenplatten). 

The muscles which are formed from the somites (myotomes) are the 
muscles of the eye, supplied by the 11rd, Ivth, and vith nerves, and 
those supplied by the hypoglossal nerve, i.e. muscles supplied by nerves 
which correspond to anterior roots. 

On the other hand, all the muscles of the j jaw and of mastication are — 
derived from the segmental lateral plates, ie. from the walls of the 
various visceral clefts (Visceralbogenhéhle). The nerves supplying the 
muscles formed from these lateral plates are clearly the same as Bell’s 
cranial respiratory nerves (with the exception of the trochlearis) and 
form, according to my nomenclature, the non-ganglionated splanchnic 
roots of the cranial nerves. 

If therefore Van Wijhe’s separation of the skeletal muscles into 
two groups, of which the one is derived from the mesoblastic somites or 


1 “Ueber die Mesodermsegmente u. die Entwickl. der Nerven des Selachierkopfa&,” 
Amsterdam, 1882. 
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myotomes, and the other from the lateral plates of mesoblast, can be 
extended throughout the body, we find immediately a sufficient reason 
for the juxtaposition of the rami viscerales to the motor nerves of a 
special group of skeletal muscles. In accordance with this hypothesis I 
would define the non-ganglionated portion of the somatic root as 
supplying all the muscles of the somatic skeleton, ie. muscles which 
are derived from the mesoblastic somites or myotomes; and the non- 
ganglionated portion of the splanchnic (lateral) root as supplying the 
muscles of the visceral skeleton, i.e. muscles which are derived from the 
lateral plates of mesoblast—in other words, from the mesoblast of the 
walls of the visceral clefts. 


Sect. IV. On the roots of the cranial nerves. 


The conception that each spinal segment gives origin to three roots, 
viz. anterior, posterior, and lateral, combined with the further conception 
that these three roots may be grouped together into a dual arrangement 
of somatic and splanchnic roots, each of which is composed of a 
ganglionated and a non-ganglionated portion, gives us a clue by which 
the homologies of the cranial nerves can be easily explained. The 
differentiation of these roots, which we have seen in its commencement > 
in the cervical region, becomes more and more established as we 
pass beyond the limits of the Ist cervical segment to the segments » 
above. 

So long as the conception of a spinal nerve was confined to two 
roots, of which the one was anterior and motor while the other was 
posterior and sensory, the homologies of the cranial with the spinal 
nerves had to contend with two great difficulties. In the first place, how 
could such a nerve as the vagus be regarded as a posterior root when it 
possessed motor fibres? In the second place, how can we account for the 
ganglia which are found in connection with such motor nerves as the 
oculomotor and facial? These difficulties immediately vanish as soon 
as we consider that each cranial segment, similarly to each spinal 
segment, must give origin not only to a somatic root—in other words to 
non-ganglionated motor nerve fibres in connection with an anterior group 
of cells and ganglionated sensory fibres in connection with a posterior group 
of cells—but also to a splanchnic root, i.e. to large non-ganglionated 
motor nerve fibres in connection with a lateral group of cells and small 
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ganglionated fibres in connection with cells corresponding to Clarke’s 
column. 

Up to this point I have entirely ignored the existence of an important 
group of nerve fibres, without which each nerve segment is incomplete ; 
these nerves are the nerves of ordinary sensation found in connection 
with the viscera. As long as I was dealing only with spinal nerves it 
was possible to pass them over in silence with the intention of 
considering them thoroughly when I came to speak of the afferent 
nerves of the visceral system; it is however impossible to trace the | 
homologies between the cranial and spinal nerves without taking into 
account all the factors which make up a segmental spinal nerve group ; 
for the characteristic of the cranial nerves is the more complete 


separation of these several factors into separate nerves with separate 


centres of origin. 

The plan of the origin of the nerves of each spinal segment which I 
have put forward and the nomenclature which I have used in describing 
this plan, is based to a large extent upon the division of the motor 
nerves of skeletal muscles into two groups, one of which has close 
relations with the ramus visceralis. This hypothesis is united with 
the further suggestion that the large motor area of the anterior horn 
is naturally divided into two centres of origin for the nerve supply 
of these two muscular groups. Taken together, these two centres 
of origin (the anterior and lateral cell columns) form a single group 
characterized by the same large multipolar cells and give origin to 


‘similar large medullated motor nerves. We may, in fact, in the first 


instance describe a single anterior column of large multipolar cells as 
the centre of origin to the large medullated nerve fibres which form the 
motor nerves of all skeletal muscles. A closer analysis shows that 
this cell column is divisible into two, viz. an anterior and a lateral 
column, which, according to the hypothesis put forward here, give origin 
to the somatic and splanchnic skeletal muscles respectively. All - 
experience teaches us that it is natural to group together voluntary 
motor nerves and ordinary sensory nerves. Apart from the nerves of 
special sense, we mean by the term “sensory” a nerve of ordinary 
sensation; such nerves are found in connection with two distinct sur- 
faces, viz. the ectodermal and the endodermal surfaces. The first 
set terminates in the skin, the second set in the lining membranes of 
the different viscera) The nerves of ordinary sensation therefore, 
like the motor nerves of skeletal muscles, are divisible into a somatic 
and splanchnic group. Without discussing further the structure of 
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posterior roots it is evident that the ordinary sensory nerve is 
characterized by the large size of its medullated fibres. It is therefore 
reasonable to look upon the large medullated fibres which are found 
sparingly in the ramus visceralis and in the splanchnic nerves as — 
the splanchnic sensory nerves; these fibres, as already mentioned, 
pass over the ganglia of the lateral and collateral chain and never 
communicate with their nerve cells. At present I see no chance 
of tracing these fibres separately to their origin in the spinal cord ; 
there is certainly no good reason for connecting them especially 
with Clarke’s column of cells. If, as I believe, they are sensory in 
function, they in all probability arise in close connection with the 
similarly constructed cutaneous sensory nerves, i.e, in the nerve cells of 
the posterior horn. These nerve cells form a distinct group different in 
character from those of the anterior horn and from those of Clarke’s 
column: a sensory group which can be recognized by their appearance 
wherever found, just as much as the motor nerve cells of the anterior 
group. I imagine therefore that we must look upon this sensory cell 
column as double, one part belonging to the somatic and the other to 
the splanchnic sensory nerves, in precisely the same way as the motor | 
cell column has been separated into an anterior somatic and a lateral 
splanchnic cell column. 

Already we see indications of such a separation. Schwalbe speaks 
of two groups of nerve cells in the posterior horn, with both of which he 
imagines sensory nerve fibres to have connection, viz. the nerve cells found 
in connection with the substantia gelatinosa of Rolando, and those - 
which he describes as the “ solitary ganglion cells of the posterior horn'.” 
This latter group of cells, as is seen in the figure referred to, is much more 
closely related to the cells of Clarke’s column and to the lateral horn 
than tu the substantia gelatinosa. In following up the homologies of the 
cranial nerves I propose then to take into account the possibility of the 
separation of the posterior horn into two parts, of which the one would 
be characterized by the presence of the substantia gelatinosa and the 
other would be the continuation of the “solitary ganglion cell column” of 
the posterior horn, and would therefore be recognisable by the structure 
of its ganglion cells. 

Again, both sets of sensory fibres are doubtless connected with the 
posterior root ganglia, so that in considering the nature of the ganglia 

of the cranial nerves we must bear in mind the possibility that the 


1 Schwalbe, Neurologic, 1881, p. 347. Cf. Fig. 221. 
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posterior root ganglion may be divided into two portions, one of which 
is connected solely with splanchnic sensory and the other with somatic 
sensory nerves. 

Disregarding for the moment the question of segmental arrangement, 
we can determine to which roots the different cranial nerves belong to 
some extent by their function, but chiefly by the position of the groups 
of nerve cells from which they arise. 

Taking first those nerves which arise from cell groups which are clearly 
the continuation of the cell column of the anterior horn, i.e. nerves which 
represent the non-ganglionated somatic roots of the cranial segments, 
we find that the x1th, vith and mird nerves clearly correspond both in 
their origin and in their function to such roots. The only other nerves 
which can by any possibility be included in this group are the Ivth and 
part of the vulth. The investigations of Van Wijhe seem to show 
that the Ivth nerve belongs to the same category as the mird and 
vith; it must therefore be classed among the non-ganglionated somatic 
roots. The position of the viith nerve appears clear; according to a 
large number of observers’ the motor fibres of this nerve arise partly 
from the same group of nerve cells as the vith nerve; some of its — 
fibres therefore arise from the continuation of the cell column of the 
anterior horn; and it is to my mind highly suggestive that the very 
muscles which remain unaffected in cases of bulbar paralysis are, 
according to Schwalbe’, the m. orbicularis oculi and the m. frontalis ; 
in these cases the nucleus of the vith nerve is always found to be 
unaffected by the disease, although the facial nucleus may be utterly 
destroyed. According to the views which I have suggested as to 
the difference of origin between the skeletal muscles supplied by 
splanchnic and somatic roots respectively, it is clear that the muscles 
supplied by the facial nerve can be divided into two groups: (1) Charles. 
Bell's group of muscles connected with respiration, i.e. a splanchnic 
group, and (2) muscles unconnected with respiration but connected 
with the dermal covering, ie. a somatic group. Clearly the m. orbicu- 
laris oculi and m. frontalis must be included in this latter group 
and not in the former. 


The anterior or non-ganglionated somatic roots of the cranial nerves 
can be represented as follows : 


1 Cf. Schwalbe, Op. cit. p. 673, 2 Op. cit. 
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Anterior motor or non-ganglionated somatic roots of cranial nerves. 


- Description of nerve Muscle supply (Van Wijhe) 


Ill (voluntary motor part) Muscles derived from lst somite 
IV do. do. 
VI do, do, 3rd ” 


vil (that part which arises from 
same nucleus as V1) 


do. 7th, 8th, 9th, 


How far the 4th, 5th, and 6th somites take part in the formation 
of the muscles supplied by the anterior portion of VII can not be 
determined at present, _ 

As far as these roots are concerned the guide to their segmental 
arrangement is to be found in the arrangement of the mesoblastic 
somites or myotomes. | 

All other voluntary muscles supplied by cranial nerves belong to 
the splanchnic voluntary muscular group, and are supplied by motor 
nerves which arise from the continuation of the cell column of the 
lateral horn. Thus we find in the first instance the motor fibres of the 
XIth nerve arising from this tract, above their origin we find the 
nucleus ambiguus giving origin to the motor voluntary nerves belonging 
to the vagus and glossopharyngeal, then next comes the lateral nucleus 
of the facial giving origin to the majority of the facial muscles, and 
finally as the continuation of the same lateral cell column the origin 
of the motor portion of the trigeminal’. | 

The non-ganglionated lateral or splanchnic roots of the cranial 
nerves can be represented as follows: | 


1 Hill, ‘Plan of Central Nervous System.’’ Cambridge, 1885. 
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Lateral motor or non-ganglionated splanchnic roots of cranial nerves. 


Description of nerve : Muscle supply (Van Wijhe) 
v (motor portion) 
: Muscles derived from the lateral 
vial (hat past which arin from plates, ie. from the mesoblast of 
the walls of the various visceral 
and gill clefts of the head 


1x, X (that part which arises from 
the nucleus ambiguus) 


x1 (that part which arises from 
the lateral horn) 


The guide to the segmental arrangements of these nerve roots is 
to be found in the arrangement of the visceral and branchial clefts. 

Next in order we come to the rest of the lateral roots of the cranial 
nerves, viz. the ganglionated splanchnic roots: roots which are in special 
relation to the nerve cells of Clarke’s column. 

We have seen that this portion of the lateral root with its ‘cise 
istic fine medullated nerve fibres formed the chief portion of the 
medullary roots of the spinal accessory; these roots continue without 
interruption into the formation of both vagus and glossopharyngeal . 
nerves; a large portion of these nerves with their respective gan glia, 
the ganglion trunci vagi and the ganglion petrosum glosso-pharyngei is 
undoubtedly the continuation within the cranium of this ganglionated 
splanchnic portion of a spinal nerve segment. Above the glossopharyngeal 
we find belonging to the same group the n. intermedius with its ganglion 
geniculatum, and still higher the lateral root of the oculomotor with 
its portion of the ganglion ciliare. 

We must also place the ganglionated root of the hypoglossal in this 
group. This fine rootlet with its ganglion arises in the dog among the 
rootlets of the medullary portion of the accessory nerve, and passes 
across to join the hypoglossal. In Pl. 1, Fig. 5 I give an accurate 
representation of a section of this root after it has joined the main hypo- 
glossal stem; the close resemblance between its structure and that of 
the fine-fibre portion of the spinal accessory (PI. I., Fig. 1) point clearly 
- to its connection with the lateral ganglionated root rather than with 
posterior roots. 
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Again, the origin of these nerves confirms the view arrived at from 
their distribution outside the skull. In the first place the portion of the 
nucleus of the vagus and glossopharyngeal nerves which lies between 
the posterior part of the vagus nucleus and the hypoglossal nucleus is 
not only in the proper position for the continuation of Clarke’s column, 
but also is composed of the same kind of nerve cells as that column: cells 
therefore which are different to those which are found in the posterior 
part of the vagus nucleus, these latter resembling the sensory nerve cells 
of the posterior horn. The upper portion of this continuation of Clarke’s 
column is according to Duval in connection with the n. intermedius. 
The origin of the lateral root of the oculomotorius is at present entirely 
unknown. 

The lateral ganglionated or ganglionated splanchnic roots of the 
cranial nerves can be sa igre as follows : 


Lateral ganglionated or jase splanchnic roots of the cranial 


nerves. 


Description of nerve 


Ganglion of nerve 


111 (lateral root) 


gangl. ciliare 


vil (n. intermedius) 


gangl. geniculatum 


IX | gangl. petrosum 
X, XI gangl. trunci vagi 
xu gangl. hypoglossi 


_ The guide to the segmental arrangement of these roots is to be 
found in the arrangement of the visceral and branchial clefts. 

Finally we reach the consideration of the posterior roots of the 
cranial nerves. | i 

If the two first cranial nerves are to be included in the same 
category as the rest, then they certainly must be included among the 
posterior roots; apart however from them we find distinct posterior 
roots, in the sensory root of the vth, in the vith, and in the rxth and 
xth nerves. In all these cases the characteristics of the posterior root 
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are present ; viz. the presence of sensory fibres, the presence of a root 
ganglion, and the origin of the fibres from the continuation of the cell 
column of the posterior horn. 

A closer examination shows that these posterior roots are not all of 
the same character; they are directly divisible into two groups; (1) those 
which are sensory to cutaneous surfaces such as the sensory portion of 
the trigeminal, the auditory, the optic and olfactory nerves; and (2) 
those which are sensory to internal surfaces such as the sensory nerves 
of the vagus and glossopharyngeal. 

We see also that in the medulla oblongata the posterior horn is split 
into two parts; one part forms the posterior portion of the vagus and 
glossopharyngeus nucleus; and the other, which carries off with it the 
whole of the substantia gelatinosa of Rolando, lies always in close 
apposition with the ascending root of the vth nerve. 

Throughout we find that the ascending root of the vth and the 
sensory nucleus of the vth is in close relation to the substantia gelati- 
nosa; so too the origin of the auditory nerve is connected closely with 
the substantia gelatinosa. In other words, all those nerves which are 
somatic sensory nerves arise from that part of the sensory cell column 
which is in close connection with the substantia gelatinosa. On the 
other hand the posterior nucleus of the vagus and glossopharyngeal 
nerves with its characteristic sensory nerve cells is in close connection 
with the continuation of Clarke’s column, and may fairly be looked 
upon as an enlargement of the cell group, previously spoken of, which 
Schwalbe defines as the group of solitary ganglion cells of the 
posterior horn. In other words, all those nerves which are splanchnic 
sensory nerves arise from that part of the sensory cell column which is 
in the neighbourhood of Clarke's column. 

If subsequent investigation should confirm this conclusion, then this 
group of sensory ganglion cells might receive the name of the splanchnic 
sensory column, instead of as at present the group of solitary cells of the 
posterior horn. 

Doubtless the investigation of the origin of the posterior roots of the 
vagus group in the Fishes, where undoubtedly both somatic and splauch- 
nic sensory fibres exist, will throw light not only upon the difference in 
the origin of these two sets of fibres but also will help to explain the 
difference of position of the ascending roots of the trigeminal and vagus; 
both these bundles of nerve fibres are sensory in function, yet the former 
in its course from the spinal cord to its exit in the hind-brain lies always 
in close contiguity to the substantia gelatinosa of Rolando, while the latter 
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remains throughout in close relationship to the lateral or apamnic 
area of grey matter. 
The posterior roots of the cranial nerves can be represented as follows: 


Posterior sensory roots of cranial nerves. 


Description of nerve Ganglion of nerve 
I 
11 (#) 
v (sensory portion with ascending gangl. Gasseri 

root) part of gangl. ciliare (1) 

Vi ganglion of root 
| gangl. jugulare 
x (with ascending root) gangl, jugulare 


The guide to the segmental arrangement of the somatic sensory 
portions of these roots is probably to be found in the arrangement of 
the segmental sense organs (Beard and Froriep). On the other 
hand, the splanchnic sensory portions must be arranged in accordance 
with the visceral and branchial clefts. 

We see then that the cranial nerves taken as a whole are founded 
on the same plan as the spinal nerves, the key-note of the arrangement 
in each case being firstly a triple arrangement of the nerve roots into 
anterior, lateral and posterior roots, and secondly the rearrangement of 
these three roots into a dual arrangement of splanchnic and somatic 
roots. It is to my mind perfectly clear that no correspondence exists 
between each of the so-called cranial nerves and such a perfect spinal 
nerve as is met with in the thoracic region; in order to obtain a cranial 
segment comparable to any one of the thoracic segments, parts of 
different cranial nerves must be pieced together ; just as in the cervical 
region the Ist cervical nerve segment, for instance, is not complete without 
taking into account that part of the spinal accessory and of the 
ascending roots of the trigeminal and vagus which belong to that 


segment, | 
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The arrangement of the cranial nerves into a number of separate 
segments in accordance with their phylogenetic development is the task 
of a morphologist rather than of a physiologist; I consider myself there- 
fore very fortunate in having secured the aid of Dr Hans Gadow in 
this part of my research; in a separate paper to this one, I propose 
conjointly with him to point out the bearings of the conclusions arrived 
at in this paper upon the question of the segmental arrangement of the 
cranial nerves. For the present I propose to illustrate the formation of 
a cranial segment by the description of the three segmental nerve groups: 
which arise from the mid-brain, hind-brain, and medulla oblongata, 
leaving for subsequent consideration the splitting up of these three 
main groups into their morphological segments. 

An examination of the relative positions of the roots of the nerve 
group immediately above the 1st cervical nerve (see Fig. 8, Pl. IV.) 
demonstrates the presence of two sets of rootlets which correspond in 
position to the anterior and posterior rootlets of the 1st cervical nerve, 
the only difference being that they are not so directly opposite to each 
other: a slight shifting of position which is easily accounted for by the 
alteration in the direction of the spinal axis due to the opening out of 
the central canal, and the formation of the 4th ventricle. 

The group of anterior rootlets stands alone and distinct ; the group 
of posterior rootlets is however not so distinct, owing to the large 
number. of lateral roots which arise in close proximity to it. If we 
imagine these lateral roots removed we should have two groups of 
rootlets left exactly corresponding to and metameric with the anterior 
and posterior roots of the Ist cervical nerve group. These two groups 
form the hypoglossal and the posterior roots of the vago-glossopharyngeal 
nerve respectively. The lateral roots of this group arise between their 
corresponding anterior and posterior roots in precisely the same way as 
in the nerve groups below; an extra complication being introduced 
simply by the fact that the lateral roots of the lower nerve groups have 
joined together to form a single nerve, which passes out at this level 
instead of each lateral root passing out with its own anterior and 
posterior root. | 

We see then that the neural segment immediately above the Ist 
cervical is formed by anterior, lateral, and posterior roots in the same 
way as the Ist cervical segment itself. We have seen also that the 
origin of these roots is the same as in the segments below, and that the 
ganglia on their roots are strictly homologous to the ganglia of other 
spinal segments. We can therefore say confidently the segment 
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above the Ist cervical is composed by the hypoglossal, 
accessory, vagus, and glossopharyngeal nerves; the hypo- 
glossal forming its anterior root, the accessory, vagus, and 
glossopharyngeal its lateral and posterior roots. 

The large size and importance of this segment, or as it might 
be called segmental nerve group, depend doubtless partly on its position 
and partly on the concentration of the original separate metameres 
which has taken place in the upper portion of the spinal axis; such 
concentration however is not confined to the cranial nerve groups; 
it is equally evident, though perhaps to a less extent, in all the cervical 
nerve groups. Here, as well as in the segments above, originally 
separate metameres have fused together to form one segment, and so 
the cervical nerve groups have been formed in precisely the same 
way as the large group formed by the hypoglossal, vagus, accessory 
and glossopharyngeal. 

This latter large group may be described as the nerve - group of the 
medulla oblongata, and its nerves supply the somites, gill clefts, and 
sense organs corresponding to the segments into which this group is 
divisible. 

Above the medulla oblongata we find the 4 group of nerves which 
proceeds from the hind-brain ; the anterior roots of this nerve group are 
formed by the vith and part of the vith nerve ; the lateral roots by the 
main portion of the viith, part of the motor portion of the vth nerve, 
and the n. intermedius (possibly also a part of the rxth nerve belongs © 
to the hind-brain); the posterior roots are formed by the vilith and 
part of the sensory portion of the vth nerve. 

These nerves taken together form the nerve group of the hind-brain 
_ and supply the somites, visceral clefts, and sense organs of the segments 
into which this group is divisible. 

The uppermost group is formed by the nerves which arise from the 
mid-brain. In this group with the rudimentary character of the visceral 
clefts we find a corresponding yocmentary character of the lateral or 
splanchnic root. 

The anterior roots of this region are formed by the tird and Ivth 
nerves; the lateral roots by a portion of the motor part of the vth nerve 
(descending root) together with possibly the lateral root of the 1rd 
nerve ; the posterior roots by the sensory portion of the descending root 
of the vth nerve in connection with the ganglion ciliare (?) and by the 
Ist and IInd (?) nerves with their specialized sense organs. 

zane nerves taken together form the nerve group of the mid-brain 
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and supply the somites, visceral clefts, and sense organs of the segments 
into which this group is divisible. 

_ This division of the cranial nerves may be represented in a tabular 
form as follows : 


Roots of the cranial nerves. 
Anierior Lateral oral Posterior 
oe, 
non-gangl. | non-gangl. — 1. sensory 
somatic | splanchnic | splanchnic | splanchnic | somatic 
I 
Ill 
Vv Ill 
motor (gangl. Vv 
(descending|} _ciliare) sensory 
root) (descending 
| root gang. 
ciliare 
VI 
Vv VIII Vv 
VII motor |(n. intermedius nso 
> | (part which with gang. (gang. Gasseri) 
E arises from geniculat.) ; 
nucleus of | 
VI) VII 
Ix 
(gang. 
sum 
IX X 
t Xx XI ganglion 
XII pe (gang. trunci | jugulare with 
arises from i) ancendliv (ascending 
lateral horn of root) 
| XII 
(gang. 
hypoglossi) 
Sensory Sensory 
Centres) Anterior | Lateral Clarke’s splanchnic somatic 
origin column column column column of column of 
3 post. horn | post. horn 
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DESCRIPTION OF FIGURES, 


PLATES I.—IV. 


All the figures in Pl. I. and Pl IL, with the exception of Fig. 10, were 
drawn to the same scale under the microscope by means of the camera lucida. 
The exact size of each nerve fibre can be estimated by — with the 
scale in Pl. IT. 


All the figures in Pl. I. and Figs. 6, 7 in Pl. II. were made from prepara- 
tions taken from the same large collie dog. Figs. 8, 9 were taken from another 


dog slightly larger than the collie. 


PLATE I. 


Fig. 1. Section of one of the upper rootlets of the spinal accessory nerve. 
The medullated fibres are imbedded in a connective tissue matrix, coloured of 
a-yellowish tinge in the figure. 

Fig. 2. Section of the large fibred part of the spinal accessory nerve. A 
portion only of the section is drawn in the figure. 

Fig. 3. Part of a section through the anterior root of the Ist cervical 
nerve, 


Fig. 4, Section of a rootlet of the sista’ nerve. 


Fig. 5. Section of the ganglionated | root (A) of the cite: nerve 
after it has reaché iy main hypoglossal root (B). The connective tissue 


matrix is tinged ye i 
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PLATE ITI. 


Fig. 6. Section of three anterior rootlets of the 9th spinal (1st thoracic) 
nerve. 


Fig. 7. Section of three anterior rootlets of the 10th spinal (2nd thoracic) 
nerve. | 


Fig. 8. Section of the white ramus communicans (A) of the 11th spinal 
(3rd thoracic) nerve. Near it is a section of a small grey ramus communicans 
(B) belonging to the same spinal nerve. The non-medullated fibres as well as 
the connective tissue are tinged of a yellowish colour. 


Fig. 9. Part of a section through the ramus communicans of the 26th 
spinal (3rd lumbar) nerve. This figure represents a typical grey ramus com- 
municans, The non-medullated fibres of which it is — a are tinged 
yellow in the figure. 


Fig. 10. Medullary roots of the vagus and accessory nerves as imbedded, 
in order to trace the accessory fibres through a series of sections up to the 
ganglion trunci vagi. The sections were cut parallel to line /. 


Ac. Accessory nerve. 

M. Piece of medulla oblong. imbedded with the nerve roots, 
J. ‘Position of ganglion jugulare vagi. 

T. Position of ganglion trunci vagi. 


PLATE IIL, 


The diagrams i in this plate are constructed from dissections of the visceral 
nerves in the dog, with the exception of the cranial visceral nerves. The 
arrangement of these latter was taken from Henle. In all the figures those 
nerves which contain bundles of fine medullated fibres are coloured red; those 
which consist chiefly of non-medullated fibres are coloured blue, 


Fig. 1. Diagram to show the formation of the rami viscerales in the 
cervico-cranial, thoracic, and sacral regions, miei with the — distribu- 
tion of the visceral nerves, 


Fig. 2. Diagram to show the origin and Teieintion of the vaso-motor 


nerves. 
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Fig. 3. Diagram to show the origin and distribution of the inhibitory nerves 
of the circular muscles of the viscera, — with the waco nerves of 
the sphincter muscle of the iris. 


Fig. 4. Diagram to show the distribution of the motor nerves of the 
circular muscles of the viscera. 


Fig. 5. Diagram to show the distribution of the vaso-inhibitory nerves. 


PLATE IV. 


I am indebted to the kindness of Mr G. Turner for the figures of this 
plate. Figures 2, 3, 4, 5 were drawn from Spite i taken by him of the 
microscopic sections, 


Fig. 1 shows the connection between the nore root ganglia and the 
sympathetic chain in the tortoise. Sy, sympathetic chain; the numbers 2—7 
are placed against the corresponding thoracic nerves. The line / shows the 
direction of the series of parallel sections taken through the roots, ramus com- 
municans, and root ganglion of the 5th thoracic nerve. 


Figs. 2, 3, 4, 5 are copies of 4 sections out of this series and show the 
formation of ganglion cells on the sympathetic nerves, a, b, c, and the ultimate — 
amalgamation of these ganglion cells with those of the root ganglion. 


_ Fig. 6. Section of that branch of the 2nd thoracic nerve which forms the 
communicating branch to the Ist thoracic nerve and also helps to form the 
ramus visceralis of the ~— stellatum. (From a photograph taken with 
lens fin.) 


V. Small fibred portion of nerve which becomes the internal nha or 
ramus visceralis in connection with the ganglion stellatum. 


A. Large fibred portion which becomes the external branch or ranch of 
communication with the brachial plexus. | 


Fig. 7. Section of spinal accessory close to the ganglion jugulare vagi. 
(From a photograph taken with lens 1 in.) 


V. Small fibred portion which becomes the internal branch or ramus 
visceralis in connection with the ganglion trunci vagi. 


A. Large fibred portion which becomes the external branch and com- 
municates with the cervical plexus. 
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Fig. 8. Upper part of spinal cord of dog cut in two in order to show the 
arrangement of the upper cervical nerve roots and those of the neural segment 
immediately above them. 


1, 2, 3. Anterior and siiiessioaie roots of the corresponding cervical 
nerves. 


V. Vagus nerve. 
H, Hypoglossal nerve. 
Ae, Spinal accessory nerve. 


CamBripcr, 
Dec. 21, 1885. 
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THE HEART OF THE FISH COMPARED WITH THAT 
OF MENOBRANCHUS WITH SPECIAL REFERENCE 
TO REFLEX INHIBITION AND INDEPENDENT 
‘CARDIAC RHYTHM. By T. WESLEY MILLS, M.A., M.D., 


Lecturer on Physiology, Mc Gill University, Montreal, Canada. 


DuRinG the past summer I undertook, at the Marine Laboratory of 
the Johns Hopkins University at Beaufort, N. Carolina, an investigation 
on the above subject. 

My object was to ascertain in a general way what differences there 
were in the hearts of Fishes from a.physiological standpoint; and if 
possible to find some one fish of sufficient vitality to — of investi- 
gations on the heart. 

The distribution of the vagus nerve in the Selachians is so peculiar 
and interesting that I hoped the Shark would prove to be a fish 
suitable for experiment; but after trying a number of small sharks 
immediately after being caught it was found that this fish dies very 
soon, even when supplied with sea-water and uninjured ; while after the 
necessary operative procedure, and after the slightest loss of blood it 
was not possible to carry out any prolonged investigations on the heart 
without great risk of numerous fallacies entering into the conclusions 
drawn. 

With the Skate the case was somewhat better. Its flat form 
permits of its being laid in a shallow vessel containing sea-water which 
could be frequently renewed, and sufficiently abundant to cover the gills 
but not extending high enough to reach the exposed heart; without 
such precautions the action of the heart is so disturbed that it t is 
impossible to ascertain its normal functions. 

The sharks and skates proving on the whole unsuitable for experi- 
ment, I then sought for a fish that would answer the following con- 
ditions: 

(1) Have sufficient vitality to se well the operative interference 
necessary for investigation of the heart in situ. , 
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(2) Possessing a heart that would continue to act for a considerable 
period under these circumstances in the natural manner, or at least 
with a pretty close approximation to that standard. | 

Datrachus Tau, popularly known as tbe “toadfish”, met these 
conditions perfectly ; so that while I have compared with it a number 


of bony fishes as well as the sharks and skates, most of my experi- 


ments have been made on this species, and in the majority of cases the 
specimens were caught as required. This fish has extraordinary vitality 
and will live out of water at least one hour, and in a very small quantity 
of sea-water for several hours. | 

The whole of my work on the fish’s heart was completed before 
McWilliam’s paper on the heart of the eel appeared; I am glad 
however to find our results, arrived at independently, so much in accord, _ 
and I cheerfully acknowledge my indebtedness to the brief account of 
some of his investigations which had previously appeared in the Pro- 
ceedings of the Physiological Society. 

Since completing my work on the Fish I have investigated the heart 
of Menobranchus. This interesting creature occurs pretty widely 
distributed in Canada, and on account of the peculiar intermediate 
place it occupies in the animal scale it occurred to me that an 
examination of its heart physiologically might prove interesting. It 
has shown in many respects such a resemblance to the heart of the Fish 
that I propose in this paper to compare them, specially with reference 
to cardiac reflex inhibition and independent cardiac rhythm. It has 
been found very desirable when working on Menobranchus (as in the 
case of the Fish) to lay the animal on its back in (fresh) water so that 
the skin and gills may be in action. 


I. General remarks on the Action and Structure of the Heart. 


I have not given very minute attention to the anatomical aspects of 
the heart, but I have observed differences in structure in the hearts of" 
different fishes which enable me to appreciate McWilliam’s more 
detailed observations. I am less certain whether what he has described 
as “basal wall” and “canalis auricularis” for the heart of the eel exist 
for the Selachians, but a similar structure is found in Batrachus; 
whether identical I am not quite certain. The same differences’ in 
appearance, colour, etc, and the same divergence in formation of this 
part observable in the eel, are also witnessed in Batrachus.~ As these 
structures are much nearer, in function at least, to the sinus than to the 
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auricle, like the corresponding part in the Chelonians, I should have 
| preferred that they had been named simply sinus auricle (basal portion) 
and sinus ventricle (canalis auricularis), or both together sinus-ex- 
tension. 

In all the fishes examined by me the heart is provided with a well- 
defined pericardium; but in none was there any sort of attachment 
between the apex of the ventricle and the former structure. Such a 
ligament assumes great size and strength in some sea-turtles. In 
Batrachus one or more fine threads of connective tissue have been 
observed passing to various parts of the heart from the pericardium, 
especially to the ventricle. Very frequently encysted parasites are 
found stretching in a chain along such fibrous lines; in one case 
observed they must have hampered the heart’s action considerably ; 
but in none of the fishes examined by me were there bands or threads 
of such importance as they seem to be in the eel, judging from — 
McWilliam’s description. 

_ The heart of Menobranchus lies high up, (in the neck of the animal 
it may be said,) pretty closely invested by a well-defined pericardium, 
which in most specimens is unusually adherent to the surrounding 
muscles, a fact which renders the attempt to lay the heart bare without 
wounding either it or its vessels exceedingly difficult. The heart is 
moreover very small, being in an animal a foot long not larger than in 
a very moderate-sized frog. In general appearance, relation of parts &c., 
the heart of Menobranchus is intermediate between that of the Fish and 
of the Frog. 

There are two auricles, and a well-defined sinus-extension of much 
functional significance. 

The presence in this animal of simple pulmonary sacs with an 
abundant vascular supply, intermediate it would seem between the air- 
bladder of the fish and the lung of the frog, is interesting. They seem 
to be of considerable functional importance, for the animal can live many 
hours out of water, even when the skin is dry. The large single vein 
from each of these structures opens into the left auricle near its lower 
margin. | 

The ventricle is spongy like that of the frog; when however a 
portion of the ventricle of each animal is teased up and placed under 
the microscope there is no difficulty in at once deciding to which each 
belongs, The muscle cells or fibres of the ventricle of Menobranchus 
are more irregular in shape, the striation a shade coarser, and the nucleus 
much larger and with very much coarser granules than in the frog’s 
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ventricle. There are also many more connective-tissue cells. The apex 
is, unlike that of the fish, restricted in its movements by a fine liga- 
mentous thread. 

The changes of shape of the ventricle during action are more like 


_ those of the fish’s heart than of the frog’s. 


The resemblance in one respect is much greater to the Selachians 
than to the Frog, viz. that there is a well-defined conus arteriosus which 
is pulsatile, and beyond this a genuine bulbus which is, as in the fish, 
non-pulsatile, This latter is provided with a valvular structure resembling 


of the frog. 


Il. The Normal Rhythm of the Heart. 


While in the fish’s heart as in that of other animals with a similar 
cardiac structure the order of beat is sinus, auricle, ventricle (and conus 
arteriosus when present), the heart of the fish is distinguished from that 
of all animals above it in the scale of life, by the great ease with 


which its natural order of beat may be disturbed. It is true that in a 


quiescent Chelonian heart a prick or series of pricks with a seeker to the 
ventricle, will give rise to a series of beats in that part, followed by the 
auricles and sinus; but it is difficult to maintain this; while in all the 
fishes examined by me the only limit to this reversed rhythm seemed to 
be the pressure set up within the parts of the heart beyond the ventricle. 
This capacity for reversed rhythm is especially marked, as has been 
pointed out by Gaskell (in his paper on the tortoise) in the Selachians. 
The slightest stimulus to the conus of the shark, and still more so in 
the skate, is followed by a reversed rhythm which may be, by repetition 
of the stimulation, kept up for a time limited only it would see 
the vitality of the parts. Often too a single stimulus may be follow 


_ by a series of beats. 


The heart of the skate and the shark are by far the most sensitive 
that I have examined. They are also of very low vital tenacity. 

These remarks do not apply to the heart of Menobranchus. The 
ventricle is so peculiar, and the same applies to the conus, its continua- 
tion, that a prick or series of pricks is very likely to send it into a con- 
dition of tonic contraction from which it may not recover. 

As will appear throughout this paper the ventricle in Menobranchus 
has peculiarities not described for any other cold-blooded animal. 

In consequence of this extreme sensitiveness of the fish’s heart it 
is readily disturbed in various ways which I shall briefly consider, 
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III. Influences affecting the Natural Rhythm of the Heart. 


(1) Pressure. Variations in intracardiac pressure both as to increase 
and decrease have a more marked effect on the heart of the Fish than 
that of any other cold-blooded animal with which I am acquainted. The 
ventricle is especially easily modified in its rate and mode of beat by 
such changes in intracardiac pressure. On several occasions a very 
rapid stop has been caused by clamping the aorta for a few seconds 
—such a rise of pressure as would but slightly influence the Chelonian ~ 
heart suddenly arresting that of the Fish. This arrest has been followed 
in several cases by a sort of fibrillar action of the ventricular muscle. 

Again, while in the Chelonians, loss of blood is apt to increase the 
cardiac rhythm, such in Fishes and especially in the Selachians is liable 
to be followed by a sudden stoppage of the heart, succeeded by a much- 
enfeebled action. Part of this may be due however to imperfect cardiac 
nutrition under these circumstances; but that this is not a prominent 
factor is shown by raising the pressure, when the rhythm is at once | 
improved. | 

While the heart of Menobranchus is more sensitive to intracardiac 
pressure than that of the Chelonians, it is less so than in the case of the 
Fish. When the heart is arrested it may be induced to beat by raising 
the intracardiac pressure, but it is not arrested at least for more than a 
moment by rise of intracardiac pressure; nor have I ever seen the 
ventricle of Menobranchus, as is the case with the piscine and the 
Chelonian heart, sent into fibrillar or intervermiform action by obstruct- 
ing the outflow of blood. 

In fact the ventricle of Menobranchus seems quite in- 
capable of this action under any circumstances whatever. 

(2) Condition of the blood supplying the heart. When a fish is 
removed from water and its supply of oxygen thus cut off, the ensuing 
impoverishment of the blood in oxyhaemoglobin has a most striking 
effect on the heart of the fish; this is in bold contrast with that of the 
same condition in other cold-blooded animals; and I have again and 
again seen hearts that had been wholly arrested or greatly slowed in 
rhythm restored to the normal condition upon again replacing the fishes 
in water. | 

Irregularity of beat is a phenomenon seen in the hearts of most cold- 
blooded animals at times as a consequence of imperfect aeration of the 
blood, but it is induced in fishes with an ease not to be witnessed i in 
other animals. 
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(3) Nutrition of the heart. The hearts of all the fishes examined 
by me are much more dependent on a regular supply of nourishment 
for the maintenance of their rhythm, or indeed their vitality, than is 
the case among the Chelonians. The heart of the Selachians dies very. 
readily, and great as is the vitality of the heart of Batrachus it does not 
equal that of the Terrapin. 

_ The same order of death observed in the hearts of other cold- 
blooded animals applies to those of fishes, ie. the sinus long outlives 
the auricle, and the latter the ventricle. 

Menobranchus resembles the Fish in the above soted peculiarities in 
a striking manner. © 

It is true that the cardiac stisthai of Menobranchus is not so readily 
disturbed by keeping it out of water, perhaps by reason of the presence 
of pulmonary sacs, but it has not been at all uncommon for me to 
witness perfect co-ordination of rhythm at once established in an 
animal, in which certain parts of the heart had ceased to beat, on so — 
placing it in water that the gills could be freely bathed. 

The ventricle of Menobranchus is especially dependent on a 
continuous nutritive supply; quite as much so as in most fishes, more 
so than in Batrachus, but much less than in the Selachians. 

The whole matter may be thus summarised : 

The rhythm of the heart of the Fish is especially sensitive to 
variations in intracardiac pressure, and in the degree of oxidation of the 
blood supplying the heart; and to irregularities in the supply of 
nourishment. This law applies with greatest force to the hearts of the 
Elasmobranchs ; and less so to the heart of Menobranchus, the latter 
being less easily affected by the condition of the blood as to oxidation, 
and still less by intracardiac pressure. 


IV. Direct Stimulation of the Heart with the rapidly interrupted 
current. 


The results have been in the main the same for both the Fish and 
Menobranchus, but there have been some very marked differences. 

The following apply to both animals. 

(1) Stimulation of the sinus venosus of a fresh heart, provided 
the current be sufficiently strong, leads to arrest of the whole heart. 

(2) Stimulation of the auricle leads to its arrest, or if the current be 
weak to arrest of the portion stimulated only ; this may be followed by a 
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to beat the arrest of the ventricle may be very brief. 
(3) In both Fish and Menobranchus there is dilation around the 
point of stimulation, and if the whole of the part stimulated is arrested 
(e.g. auricle) the whole becomes dilated. 
(4) In both, at the exact points of application of the electrodes 
pale points appear indicative I think of tonic or tetanic (?) contraction 
of certain of the muscle cells. This I have observed also in the sea- 
turtle and alligator. ! 
(5) In both, as in the Chelonians, when the nutrition of the heart 
has suffered much, it is impossible to arrest the sinus (or the whole 
heart) by direct stimulation. The same applies to other parts of the 
heart but with less force. 
This, together with the fact that it is also impossible in the fish t to 
arrest the heart by direct stimulation after the free application of 
atropin to it, leads me to follow Gaskell in believing that the arrest of 
the heart by such stimulation is due not to direct action of the current _ 
on the muscle, but to its primary influence over the cardiac nerves, It is 
also to be noted that the heart when arrested by such stimulation has 
very much the appearance of one stopped by stimulation of the vagus 
trunk. 
The behaviour of the ventricle under faradisation is, in the Fish, 
very different from that of Menobranchus. 
In the Fish I have not found that stimulation of the ventricle itself 
leads to arrest, but on the contrary to rapid imperfect pulsations,—a 
very quick systole and diastole, but never reaching actual tetanus. 
It is however very different from the peculiar intervermiform action 

set up in the Chelonian heart by similar excitation. 
With Menobranchus the case is entirely otherwise. It is not 
possible to excite to a quickened beat by any strength of current; nor _ 
by any means, mechanical, chemical, or electrical, to induce the peculiar 
action referred to. 
When the nutrition of the heart is good it is very easy to arrest the 
ventricle by a moderate stimulus. It behaves, in fact, as under 
stimulation of the vagus. 
But by using a very strong current, instead of dilation there may be, 
as I have seen in the auricle of the alligator, a tonic contraction around 
the parts of the ventricle stimulated, which by moving the electrodes 
about may be made to involve the whole ventricle. This again seems 
to favour the view of the action in one case being wholly or chiefly on 
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the muscle through the nerves, and in the other (the case just cited 
illustrating it in an especial manner) on the muscle directly. But in all 
cases close observation shows both effects present, in some degree. _ 

_ The stimulation of an electrical kind used in the above and all of 
my work on the heart of the Fish and Menobranchus was furnished by 
the rapidly interrupted current of a du Bois induction coil, fed by one 
Daniell’s cell. 


V. Reflex Cardiac Inhibition and Associated Phenomena in the Fish. 


The Fish will be first considered, and then compared sith 
Menobranchus. While many of my results are in full accord with those 
classed by Mc William under the heading “reflex excitation of the 
cardiac nerves”, others are very peculiar and of a kind not referred to in 
his paper. I am not sure that all of them can be explained by the views 
of reflex excitation maintained by this writer or indeed by any other 
thus far. Some of my results in the fish have been in a few 
cases simulated in the sea-turtle ; but the most remarkable phenomena 
of this class I have yet seen were witnessed in connection with 
experiments on the reflexes of the Alligator. The results of Marshall 
Hall referred to on p. 239 of Mc Williain’s paper are, in the light of 
some of my experiments, susceptible of explanation other than that 
offered by Mc William. In this paper, however, I propose to confine 
myself chiefly to a statement of facts. 

(1) Slight stimulation, mechanical or electrical, of the gills has 
sufficed in all the fishes I have examined to produce a change in the 
cardiac rhythm. Very often this has been of the nature of a brief stop 
followed by an irregular slowed rhythm for from one to three minutes. 

(2) The same applied to the pectoral fins has been followed 
by similar, but, for the same strength of current, less marked results. 

(3) Moderate stimulation of the mucous membrane of the mouth 
gives rather more marked results than in the last case. This has been 
especially noticed in the skate. 

(4) In the skate stimulation of certain lene on the under surface 
of the fish (indicating the course of glands apparently, and probably the 
seat of sensitive structures analogous to those of the lateral line in some 
fishes) give more decided inhibition than most other parts in that fish. 

(5) Stimulation of certain tentacula-like appendages of the mouth 
of Batrachus produces fairly marked effects. 


} 
£ 
3 A. 
. 
J, 
| 
2 
ei. 
3 
a} 
a 
4 
+) 
a 
i} 
i 
Vly 
i 


HEART OF FISH AND MENOBRANCHUS. 89 


(6) Operative injury very often seems to have a permanent 
inhibiting effect; this was frequently noticed in Batrachus. 

(7) Struggling, to whatever cause due, produces inhibition 
readily ; this however is not confined to fishes, I have often seen it in 

(8) Mc William maintains that stimulation of the abdominal organs 
does not in the eel give rise to reflex inhibition. This has greatly 
surprised me, for in all the fishes examined I never failed to get 
reflex inhibition from stimulating with electricity, or by pinching with 
a forceps, or pricking with a seeker, the stomach or intestine. __ 

At the same time the more I investigate the subject of reflex 
inhibition the more I see how wide the differences between animals are 
in this respect, sometimes between genera of the same family, if not even 
between species and individuals. 

(9) In Batrachus the air-bladder is a large structure and is supplied 
by a nerve of good size from the sympathetic chain. Stimulation of this 
organ has given unusually well-pronounced inhibition. My results on 
stimulating the brain are in perfect accord with those given by Mc 
William for the eel, i.e. a current of such strength as produced little — 
effect when applied to the cerebral lobes or to the cerebellum, produced | 
decided inhibition when applied to the optic lobes or medulla. 

Peculiar associated rhythmic phenomena of reflex inhibition in the — 
Fish. In Batrachus it has been many times made the subject of record 
in my notes that a certain strength of current applied to the same parts 
which when stimulated by a much stronger current gave rise to — 
inhibition, called forth either only an accelerated rhythm or 
primarily an increased rhythm to be followed by a slowing. 

While this has been noticed as associated with the stimulation of 
soveral parts in Batrachus, it has been an almost constant result of 
excitation by the interrupted current of the anus, and above all of the 
tail. 

The after-rhythm in cases of reflex inhibition. This has in my 
experiment proved variable, sometimes little if any acceleration took 
place, indeed in some cases the heart seemed for a long period depressed ; 
but in many instances very marked increase in the rate and force of _ 
the beat were manifest. | 

As to the order of the recommencement of the rhythm after reflex 
inhibition, I can entirely confirm Mec William’s account of the 
behaviour of the heart under these circumstances. This writer is in 

error, however, in supposing that this conduct of the fish’s heart is con- 
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- fined to it alone. Precisely the same occurs, and though less frequently 
perhaps, still very often in ” heart of the Chelonian and of the 


VI. Cardiac Reflex Inhibition in Menobranchus. 


The resemblance in this respect between the Fish and Menobranchus 
is one of the most interesting results arising in my study of this subject, 
now extended over the terrapin, alligator, sea-turtle and the two animals 
considered in this paper. | 

I shall now endeavour to state briefly the points of difference and 


similarity for the heart of the Fish and that of Menobranchus. 


(1) I have found that reflex cardiac inhibition can be induced 
more readily in Menobranchus and especially with greater constancy 
than in any fish I have examined. Stimulation of any part of the body 
suffices to cause not only a slowing but an actual arrest of the heart. 

(2) Certain parts when stimulated give rise to cardiac arrest with 
greater facility than others. The gills, muscles (of neck) near the heart, 
and the tail are specially to be mentioned ; the slightest stroking with 
a seeker over the gills in most cases sufficing to produce a momentary 
arrest of the heart. 

Mechanical and electrical stimulation seem equally effective; a point 


: of contrast with the Chelonians. 


(3) Among the viscera the stomach and upper intestines act more 
readily under stimulation to produce inhibition than the liver, and the | 


_ under side of that organ more readily than the upper. 


(4) While not a single specimen has been found in which reflex 
inhibition could not be produced, there have been differences in the 
degree of facility with which this could be effected. But making this 
allowance it still remains as a most prominent fact that the ease and 


‘certainty with which reflex cardiac inhibition can be induced in 


Menobranchus are more marked than in any other animal - ex- 
amined. 

(5) None of the peculiar effects, so difficult to explain, occurring in 
the Fish and Alligator, have occurred. The result seems to be brought 
about in every case by the mediation of the cardio-inhibitory centre in © 
the medulla and the ordinary vagus paths. 


1 See paper on Terrapin p. 251 nos. 4 and 5 vol. vt. of this Journal, in which place 
“auricle” is used in the sense of the “‘ bulged” part of Gaskell. 
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(6) In Menobranchus, after reflex arrest of the heart the rhythm 


always begins with the sinus and passes next to the auricles, and finally _ 


to the ventricle. I have never, in reflex inhibition, seen the sinus and 

ventricle beat while the auricles were arrested. This is in frequent 
contrast with the fish, and is due to the fact that in inhibition owing to 
action of the vagus the ventricle is the most readily and the most pro- 
foundly influenced, as will be seen later. 

(7) Permanent inhibition of the heart from any cause operating 
reflexly is of the very rarest occurrence in Menobranchus, though not 
uncommon in the Fish. 

In order to make certain that the viscera generally were not so 
recalcitrant as McWilliam’s account of the eel might lead one to 
suppose, I have taken special care to look closely into the matter in the 
case of Menobranchus, since it resembles the fish so closely in its physio- 
logical behaviour. | 

I have found that equally good inhibition could be obtained whether 
the stomach were crushed, or stimulated outside over the serous cover- 
ing, or inside on the mucous membrane. 

Prolonged slowing or irregularity does not occur in Menobranchus as 
in the Fish after reflex inhibition. The rhythm i is after a few minutes 
either equal to the original rhythm, or there is decided acceleration of 
the rate with increase in the force of the beats. 

_ This latter is by far the most common sequence. 


VII. Independent Rhythm of various parts of the Heart. 


This subject has been tested in the fish by a large number of 
experiments both on the isolated heart and on the heart in situ. 

The general results may be stated as follows: 

(1) In the Selachians, there is much less tendency to spontaneous 
rhythm than in some other fishes. A ligature drawn tightly around the 
junction of conus arteriosus and ventricle is followed by prolonged and 
permanent standstill. 

A ligature similarly tightened between auricle and ventricle leads to 
prolonged quiescence of both ventricle and conus. | 

The hearts of the skate and shark are so sensitive, so dependent on 
regular nutrition &c., that it is possible the tissues are considerably in- 
jared before spontaneous rhythm can begin. The more marked peristaltic 
character of the beat in these fishes must also be considered. © | 
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(2) There seem to be great differences in fishes as to the thee to 
which independent rhythm can be developed. 

In Batrachus Tau the capacity to originate and maintain an 
independent rhythm, pure and simple, without any form of stimulus, is 
very highly developed. All parts of the heart show this power, and 
while it is most marked in the sinus and auricle, it is also present in 
great perfection in the ventricle. A ligature may be placed between 
sinus and auricle, and another between auricle and ventricle, when all 
three parts will show well-marked independent rhythm. | 

(3) The rate of beat of the sinus is greatest; next that of the s sinus- 
extension, and least in auricle and ventricle. 

(4) Ifa ligature be placed between sinus and auricle the inde- 

pendent rhythm always begins in the sinus-auricle and passes to the 
sinus-ventricle before it is set up in the auricle proper. 
_ IT have found that the same law holds good for the Chelonians, i.e. 
the spontaneous rhythmic tendencies of the sinus-extension are greater 
in them than those of the auricle proper, which is one of the strongest 
arguments for giving this part of the heart a different name and 
considering it a separate cardiac division. 

In Batrachus the independent rhythm is quickly developed (generally 


in a very few minutes), rapidly reaches a maximum, and very slowly 


declines. In some cases it was well established in the ventricle in three 
minutes after the application of a ligature between auricle and ventricle; 
and in one case it lasted more than five hours. 

In Batrachus the independent rhythm is developed incomparably 
more rapidly and reaches greater perfection than 1 in any Chelonian I 
have examined. 

But it must be borne in mind that Batrachus in this seems 
to be in advance of most fishes. Between it and the Selachians in this 
respect there is no comparison. 

The tightening of a ligature between auricle and ventricle is in Batra- 
chus generally followed by a rapid intervermiform action, succeeded — 
after a few seconds by a pause before the spontaneous rhythm commences, 

When both auricle and ventricle are separated by ligatures from 
neighbouring parts the independent rhythm frequently appears in the 
ventricle before the auricle proper begins to beat. 

The rhythm of auricle and ventricle may approximate to, but so far 
as I have observed never reaches, the original rhythm; a ligature 


between sinus and auricle on the other hand retards but little the 
rhythm of the former. 


a 
| 
k 
it 
3 
4 
4 


HEART OF FISH AND MENOBRANCHUS. 93 


In nothing however is the great capacity for spontaneous rhythm of 
the ventricle of this fish better shown than in the power the apex has 
to beat when isolated by a ligature. A ligature placed just below the 
base of the ventricle has been followed, after a pause of only a few 
minutes, by a good spontaneous rhythm, which long maintained itself. 
_ This portion also, when cut free from the rest of the heart, still continued 

beat. 

No rhythm of excitation followed the use of the ligature in such 
cases as the above. | 


VIII. Independent Cardiac Rhythm tn Menobranchus. 


With respect to this ail ect Vadaaies. occupies a position 
intermediate between such fishes as the Sharks and Skates on the one 
hand and fishes of great vital tenacity like Batrachus. 

(1) Ifa ligature be tightly drawn around the junction of the conus 
with the ventricle, the upper part of the auricles, or the apex of the 
ventricle, no spontaneous rhythm follows. 

In this case, as probably in the Selachians also, the ligature not only 
interferes somewhat with the nutrition, but more especially so stimulates 
the muscle as to induce a form of tonic contraction. This is certainly 
the case in Menobranchus; for if the auricles or ventricle, or even the 
conus arteriosus, be cut away with sharp scissors and kept constantly 
moist with weak saline solution, an independent rhythm is established. 
It is in Menobranchus necessary to keep applying the salt solution, 
for in contrast with the Chelonians there is no abundant pericardial 
or abdominal fluid which may be substituted. 

But under the most favourable circumstances the spontaneous rhythm 
thus arising never has amounted to more than three or four beats in one 
minute; in fact, with Menobranchus and the Chelonians, the case is very 
similar; a spontaneous rhythm does arise, but without some 
form of stimulus apart from that of nutrition alone it is 
not pronounced. 

A very slight stimulus however does suffice to increase both in force 
and frequency the insignificant rhythin that thus arises. 

I have found for example that for the heart of Menobranchus warm- 
ing the saline solution but a few degrees suffices to treble the spontaneous 
rhythm. | 
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IX. Peculiarities of the Ventricle in Menobranchus. 


- It is a most remarkable thing that in this creature the ventricle is 
the part of the heart most readily arrested both in reflex inhibition 
and by direct stimulation of the vagus; a strength of current that will 
arrest the ventricle in the latter case for many minutes having but little 
effect on the rest of the heart. ; 

‘It is common enough in the Chelonians to see the auricles arrested 


“under stimulation of the vagus while the sinus and ventricle continue 


to beat. Such is never to be seen under these circumstances in Meno- 
branchus. 

I have observed the ventricle and the rest of the heart inhibited for 
ten minutes by stimulation of the vagus, then, the stimulation still con- 
tinuing, the sinus and auricles began to beat while the ventricle remained 
quiescent during the whole period of stimulation, lasting sie 
minutes. 

Neither at the close of the stimulation nor during its continuance 
could the ventricle be excited to a beat by mechanical stimulation. 

It appeared that the ventricle in this case had been rendered perma- 
nently inexcitable. 

The ventricle however seems to have no special influence over the 
rhythm of the rest of the heart ; but, while it beats in sequence with the 
sinus and auricles, it is isolated, it would seem, so far as the vagus is 
concerned. 

Rough treatment, as sponging over the heart, also first affects the 
ventricle, and never except to arrest it, while in the Chelonians or Fishes 


_ such may send the ventricle into intervermiform action, or may excite 


it to a quicker beat, or may arrest the auricles primarily. 

It may be said then that in Menobranchus the ventricle is the 
part of the heart most readily and most profoundly affected 
by stimulation of the vagus, and that during such stimula- 
tion the ventricle is inexcitable. 

The ventricular excitability is not however annulled after reflex 
cardiac inhibition, nor is it entirely wanting on weak stimulation of the 
vagus, but with very strong currents it certainly wholly disappears ; 
attempts to cause a beat even by pinching with forceps lead only to the 
condition of tonic contraction to which reference was formerly made. 

The distribution of the vagus in Menobranchus is analogous to that 
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in the Fish, but I have not as yet made a complete examination of this 
subject. 

The work done on the Fish was carried out at the Marine Laboratory — 
of the Johns Hopkins University at Beaufort, N. Carolina, and I desire 
‘e express my thanks to Prof. H. Newell Martin for the loan of 
physiological apparatus from the Biological Laboratory of the University 
at Baltimore, and to Prof. W. K. Brooks, the director of the Marine 

Laboratory, for his kindness in facilitating my work. 
__ The investigations on Menobranchus were made in the Physiological 
Laboratory of McGill a 
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EXPERIMENTS ON THE CHARACTER OF THE MUS | 
CULAR CONTRACTIONS WHICH ARE EVOKEL. 
BY EXCITATION OF THE VARIOUS PARTS OF . 
THE MOTOR TRACT. By VICTOR HORSLEY, MB, 
B.S., Professor Superintendent of the Brown Institution, AND E. A, 
SCHAFER, F.R.S., Jodrell Professor of Physiology. Pl. V. 


_ (From the Physiological Laboratory, University College, London.) 


= 


I. MetTHops or EXPERIMENT. 


THE experiments which we record in this paper have been per- 
formed by the following method—the subjects of experiment being 
dogs, cats, rabbits, and monkeys :—The animal having been brought 
under the influence of chloroform or other anesthetic, the surface of the 
brain over the motor region is freely exposed and its electrical excita- 
bility tested. The button of a receiving tambour, such as those which 
are employed for obtaining cardiographic tracings, is then applied to the 
muscle whose contraction it is wished to record, the tambour itself 
being either firmly strapped to the limb, or fixed securely by an iron 
clamp independently of the limb (in the latter case the limb must be 
rigidly fastened down to the board or table). In either case the 
receiving tambour is connected by indiarubber tubing to a recording 
tambour, the lever of which writes upon a moving surface of smoked 
glazed paper on which the time in seconds and the duration of the 
excitation are also simultaneously marked. By this method the 
bulging of the muscle during its contraction is registered. In some 
experiments, however, we have recorded the shortening of the muscle by 
attaching its tendon to the receiving tambour, extension being effected 
by an elastic band, in the manner described by Franck and Pitres’, 
and in others we have connected the tendon by a thread directly to a 
bell-crank myographic lever without the intervention of tambours and 
tubing, the extension being effected in this case also by means of an 


1 Francois-Franck et Pitres, Travaux du laboratoire de M. Marey, rv. 1878—79. 
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elastic band. All these methods have yielded in our hands similar 
results, but we have found the first one to be on the whole the most 


convenient, and it is therefore the one which we _— generally 


adopted *. 

The excitation which we have aces has been that sansad by a 
series of induction shocks produced by varying the current of one or 
two Daniell elements sent through the primary coil of a Du Bois 
sliding inductorium. The variations are brought about by the short- 
circuiting of the current by a vibrating metallic reed which is kept 
in motion by an electromagnet and the point of which dips in and out 
of a cup of mercury (Plate V., Fig. 1 A and B). The reed-vibrator is so 
constructed that its rate can be varied by means of a sliding clamp 
from 5 to 100 double vibrations a second, the lengths corresponding 
to 10, 20, 30, 40 and 50 per second being also marked upon it. By 
employing an instrument of this description in which the battery 
current is varied but never broken, the effect of the extra-current in 
producing too great a disproportion in the intensity of the make- and 
break-shocks is eliminated. The reed was generally so set that with 
each vibration the point—a vertical piece of platinum wire—was only 
just permitted to dip into and out of the mercury, so that the closing 
and opening effect were so close as to cause their corresponding induction 
shocks to produce practically only a single excitation®. Electrodes of 
platinum wire with their points about 3 mm. apart were used for 
applying the excitation to the nervous substance, except in the case of 
the spinal cord, into which were inserted steel needles coated with 
shellac except at one spot a short distance from the point. 


For the purposes of our experiments it was convenient to consider 


the motor tract as consisting of 4 parts, viz.: (1) Its origin in the grey 
matter of the cortex cerebri. (2) The fibres passing down from this in 
the corona radiata. (3) Its continuation-in the spinal cord (pyramidal 
’ tract, and nerve-cells of anterior cornu). (4) Its peripheral continu- 
ation in the anterior roots and motor nerve-fibres. We find all these 
parts to be directly excitable by electricity, such excitation always 
evoking contractions of the skeletal muscles, provided the degree of 
anesthesia be not too intense. 


1 A similar method was employed by Marey and Weidelansha 


of contracting muscles in man (Marey, Travaux, 1v. p. 144, fig. 29). 
2 Of this, however, we could not always be sure, especially when employing the more 


rapid rates of vibration, which may not improbably have yielded twice as many excitations _ 


as the rate of vibration, a circumstance which as will be seen can only serve to strengthen 
our general conclusions. 
PH. VII. | 
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In all of our experiments we have commenced by recording the 
contractions which result from excitation of the cerebral cortex, and the 
epileptoid contractions by which in many cases they are succeeded. 
We have usually begun by employing excitations of a rapid rate (50 per 
second), and have then taken tracings at gradually decreasing rates (40, 


80, 20 and 10), The paper—one of Hering’s long blackened sheets— _ 


was generally moving throughout the greater part of each experiment, 
and we thus Sicnsecand obtained a record of spontaneous and reflex 
contractions. 

After taking a sufficient number of tracings resulting from excitation 
of the cerebral cortex, we have then proceeded to remove the cortex 
over the part excited, and have stimulated the corona radiata in the 
same manner and at the same series of rates as before. Next we have 
exposed and cut the spinal cord in the dorsal region, and have repeated 
the excitations upon the distal cut end. Finally, in a few instances, we 
have. completed the series of observations by cutting and stimulating 
the peripheral end of the motor nerve. 


Il. ExXcITaTION OF THE CEREBRAL CORTEX. 


Electrical excitation.—It is stated by Franck and Pitres’, and the 
statement has been generally accepted by subsequent writers’, that so 
far as the rate or frequency of the muscular response édoricia tetanus 
is concerned, excitation of any part of the motor tract, the grey matter 
of the cerebral cortex not excluded, is responded to by a succession of 
twitches (secousses) corresponding with the frequency of the excitation 
exactly as in the case of the excitation of a motor nerve. In other words, 
if the cerebral cortex in the motor region be stimulated 5, 10, 20 up to 
40 times in a second, the muscles affected will respond by contractions 
compounded of 5, 10, 20 up to 40 twitches per second, whilst above this 
rate the individual twitches become fused so as to form a complete 
tetanic contraction’. 


1 Travaux du lab. de Marey, rv. 
? As for instance by Landois, Tert-book of Human Physiology, English Translation by 
‘Stirling, p. 916. 

5 It is right here to state that although this is the conclusion that might aaturally be 
drawn from the description which MM. Franck and Pitres give of the results which they 
have obtained by the application to the cerebral cortex of a series of efficacious and rapidly 
succeeding excitations (30, 50, 100 interruptions per second) and from the figure which 
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The results of most of our experiments are in direct contradiction to 


_ this general statement, so far at least as concerns the more rapid rate of 


excitation. We have found in nearly all cases that whatever the rate of 
excitation employed, provided it was not allowed to fall below a certain 
limit, the frequency of muscular response to stimulation of the cortex, 
as indicated by the undulations described by the myograph lever, does 


not vary with the rate of excitation, but maintains a nearly uniform rate 


of about 10 per’second (see Plate V., Figs. 3 a, 4.4, 4B, 5A, 5 B and 6 A). 


From 9 to 11 undulations per second are by far the most frequently met 
with, but they are occasionally as slow as 8 or as frequent as 13 or more per 
second. These extremes however are usually only found here and there in the 
course of a tracing. The rate of muscular response appears to be tolerably 
constant in the different kinds of animals experimented upon, indeed the varia- 


tions in different individuals of the same species may be as great or greater than 


those met with in animals of entirely different species. Thus while in one dog the 


average rate of muscular response to frequently interrupted electrical excitation 


of the cerebral cortex was 9°29 per second, in another it was 10-64, in a cat 
10-00, in another cat 11°26 and in a monkey 11-00, 


Occasionally there is a tendency shown to an increased acceleration 
of the rate of muscular response with increased rate of excitation of the 
cortex, but by no means in proportion. Thus it is sometimes seen that 
while excitations at the rate of 20 per second produce 10 or at the most 
11 muscular responses, an excitation at the rate of 30, 40 or 50 per 
second will here and there shew 12 and 13 responses in a second; and 
in very rare instances as many as 18 or 20 can be counted (but this 
higher rate of response is seldom maintained for more than one or two 


seconds), 


When the excitations are applied at the rate of 10 or less than 10 


per second the muscular responses occur with almost mathematical 


they give in illustration of that description (loc. cit. and Arch. de phys. 1885, fig. 6, p. 18) 
in which figure an excitation of 30 per second is.represented as producing an incomplete 
tetanus, the curve of which shows undulations of a corresponding rate and an excitation of 
50 per second is represented as producing a complete tetanus, in which the undulations 
are fused, the authors subsequently make the following remark (p. 19) which somewhat 
modifies the absoluteness of that conclusion :— 

‘En général on peut dire que le tétanos provoqué par la faradisation de I’écorce n’est 
“pas aussi réguliérement en rapport avec le nombre et l’intensité des excitations 
“‘provocatrices que l’est le tétanos, provoqué par la stimulation direete du muscle ou du 
“nerf moteur. Dans le tétanos cortico-musculaire, la ligne d’ascension est souvent brisée 
“‘et la fusion n'est pas toujours compléte alors que les secousses électriques se succédent 
‘“‘avee une rapidité qui serait suffisante pour la produire si les mémes excitations étaient 
“‘appliquées au muscle ou au nerf moteur.” 
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accuracy at the same rate. It is with the higher rates of excitation that 
the greatest amount of variation occurs, but even here, as above re- 
marked, it is very small in amount. 

In three instances, and in three only, out of a large number of 
experiments, have we obtained, when using rates of excitation higher 
than about 10 per second, any indication of a rate of muscular response 
coinciding with the rate of excitation. In two of these cases (dog and 
cat) the waves which were most evident upon the tracing were of the 
normal rate of about 10 or 11 per second, but upon these waves it was 
possible, especially with the aid of a lens, to make out the existence of 
very minute’ undulations which corresponded with the rate of ex- 
citation. | | 

In the third case (rabbit) these rapid undulations were sufficiently 
prominent to obscure the slower waves of normal rate, although signs of 
the existence of these could here and there be detected. 

It may further be mentioned that in all three cases the rapid undu- 
lations appeared equally in the tracings obtained by excitation of the 
cortex cerebri, corona radiata, and medulla spinalis. 

Epileptoid contractions succeeding electrical excitation of the cortex. 
The contractions of a more or less epileptoid character which succeed the 
electrical excitation of the cortex cerebri also show, and ima well marked 
manner, small waves upon the tracing (Plate V., Fig, 4,4). These waves 
have a very uniform rate of 8 to 10 per second, being rarely as many as 
12 13. Usually, however, a sort of rhythmic summation occurs, resulting 
in the production of larger contractions 2 or 4 in the second, the well 
known clonic contractions of epilepsy (Figs. 3.4 and 4A), but upon the 
curves of these larger contractions the smaller waves are in many parts 
distinctly apparent, and it is not uncommon to find the summation 
incomplete so that a well marked clonus having a rhythm of 8 to 10 
ang second is recorded (Fig. 5 A)’. 

Rate of muscular response in spontaneous (voluntary) and reflex 
contractions in animals. It has been stated that occasionally we have 
obtained tracings of spontaneous or voluntary and reflex contractions of 
the same muscle which has been prepared for recording the response to 
electrical excitation. The tracings of these spontaneous contractions 
and also of contractions resulting from reflex excitation show in all cases 
more or less regular waves, which are seen very distinctly both at the 

1 A further discussion of these epileptoid contractions resulting from electrical excitation, 


and a comparison between them and similar movements produced in cases of disease or 
injury in man and animals, will be deferred to a future paper. 
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commencement, i.e, upon the rise of the curve, and also throughout the 
course of the contraction. The rate of the undulations so recorded is 
almost exactly the same as those caused by electrical excitation of the 
cortex, and as the smaller waves of the subsequent epileptoid period, and 
they show the average rate of muscular response in the case of voluntary 
or spontaneous contractions to be also about 9 or 10 per second, exhibit- 
ing however as in the other cases variations of from 8 to 12 or 13°. | 

For example in one monkey experimented upon in which the average 
rate of muscular response to rapid electrical excitation of the cortex 
cerebri was 11 per second, the average rate in response to a voluntary 
stimulus was also 11 per second; and the waves visible upon the tracing — 
of the epileptoid contractions averaged as nearly as possible the same 
rate. Moreover there is not only this correspondence in rate but also in 
the form of the curve which is obtained. 

This fact is exceedingly well illustrated in the accompanying figure (fig. 2 
A and B) in which the tracing of a spontaneous contraction is shown at B, and 
one of a contraction resulting from electrical excitation at A. The curves 
were taken upon a cylinder revolving rapidly at the same rate in both cases, 
and are seen to be practically identical, both in the rhythm of the undulations 
which compose the curve and in the general form of the whole curve. In 
this case the electrical excitation (60 per second) was much more rapid than 
the rhythm of the undulations, which succeed one another i in both curves at 
the rate of about 12 per second. 


III. RESULT oF EXCITING THE Corona RADIATA. 


Excitation of the corona radiata after removal of the corresponding 


portion of the cortex has in our hands given results, which so far as 


regards the rhythm of muscular response, are practically identical with 
those got from previous ,excitation of the cortex (Plate V., Figs. 3B, 4c, 
5c). Thus in a dog in which excitation of the cortex produced waves 
averaging 10°44 per second 

Excitation of the corona radiata gave 10°77 per second. 

In another dog in which excitation of the cortex gave 10°64 per sec. 


” corona ,, 10°30 


1 Almost exactly the same results are obtained from the record of ~—e muscular 
contractions in man (see the succeeding paper). 
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With low rates of excitation (10, 20, 30) the muscular response is 
almost exactly 10 per second in most of the animals we have experi- 
mented on. With higher rates there is sometimes a distinct tendency 
to acceleration of rate of response which is rather more marked than in 
the case of the cortex. Thus, in a cat, in which the muscular response 
to a cortical excitation produced by a reed vibrating 40 times in the 
second was almost uniformly 10 per second, the response to excitation 
of the corona at the same rate was 18: and in a monkey in which a 
cortical excitation of 40 was responded to by about 11 muscular twitches, 
the excitation of the corona at the same rate was responded to by 20 
per second or more. 

Excitation of the corona is very rarely followed by epileptoid after- 
contractions, especially if the whole of the corresponding cortical area 
has been completely removed’. In those instances in our own experi- 
ments in which epilepsy has followed excitation of the corona, the tracings 
of the spasms have been similar to those obtained after cortical excita- 
tion, exhibiting large waves of 1 to 4 per second with small undulations 
upon them of from 8 to 10 per second. 


IV. RESULT OF EXCITATION OF THE SPINAL CORD. 


_ The usual result of exciting the peripheral cut end of the spinal cord, 

at rates varying from 10 to 50 per second, is to produce contractions in 
the muscles of the limbs which are almost exactly identical as regards rate 
of response with those obtained by excitation of the cortex cerebri and 
corona radiata (Plate V., Fig. 3c.). As a general rule it may be stated 
positively that for higher rates of excitation the response does not 
coincide with the rate of excitation, but that for all rates of excita- 
tion there is a uniform rate of response averaging about 10 per second. 
Thus to take instances from some of the experiments before quoted 
from :—in a dog, in which the average rate of response to rapid cortical 
faradization was 10°64 per sec. and that to coronal excitation 10°30; the 
waves upon the muscle curves produced by faradization of the cord show 


1 Franck and Pitres state (“ Recherches sur les convulsions épileptiformes d’origine 
corticale,” Arch. de physiol. 1m série t. 11. pp. 14—20), positively that epilepsy never 
follows excitation of the corona radiata alone but that, to set it going, excitation of the 
cortex is absolutely necessary. In this point they differ from Albertoni and others. 
We shall show immediately however that excitation of the cut spinal cord is sometimes 
followed by epileptoid spasms. 
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a rate of 10°5 per second; in another dog the numbers are 10°44, 10°77 
and 10°70, and in a cat 11°26, 11°57 and 11°00. This is the result obtained 
in by far the majority of our experiments, but in some as in the case of 
excitation of the corona radiata, there is a distinct tendency to accelera- 
tion of rate of response with the higher rates of excitation. For instance, 
in a monkey in which the response to cortical faradization was 11 per 
second, and the response to coronal excitation with reed of 40 rate was 
about 20, the response to excitation of the cord by the same rate of reed 
was also about 20. In this last case, although with the high rate of 
excitation, acceleration of the response rhythm was marked, yet with a 
reed of 10 per second giving make- and break-shocks the response 
averaged almost exactly 10 per second. 

The acceleration however very seldom attains the rate of the excita-_ 
tion if the latter is higher than 10 per second, indeed in only two of our 
experiments (one rabbit and one dog) has it done so. 

In the majority of the experiments we have found the muscular 
responses caused by excitation of the cord to be even more regular than 
thuse caused by excitation of the higher parts of the central nervous 
system’, 

In two cases (cat and rabbit) in which the spinal cord was strongly 


_ faradized, the continuous contraction with small undulations, which was 


at first produced as usual by the faradization, passed into a remarkable 
rhythmic condition characterized by large clonic contractions. The 
myographic curve of these contractions (Fig. 6B) shows distinctly a 
frequency of-from 8 to 10 per second. 


In the case which is here illustrated this rate of clonus lasted for several 
seconds, after which the contractions gradually became less accentuated as 
exhaustion began to supervene, and took on a somewhat greater frequency 
(15 or more in the second). Towards the end, as the exhaustion became more 
complete, the contractions again became slower and were occasionally 
interrupted, response to the excitation of the cord eventually failing altogether. 


Contractions prolonged after cessation of electrical excitation of the 
spinal cord. The cessation of strong excitation of the spinal cord is 
sometimes not immediately succeeded by muscular relaxation. It 
occasionally happens in mammals but almost constantly in the frog, 
that the condition of contraction only slowly passes off. During this 
after-action the tracings exhibit undulations similar to those which 

1 Kronecker and Hall (Arch. f. (Anat. u.) Phys. 1879, Supplement-Heft.) obtained as 


the result of excitation muscular 
response of about half that rate. 
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occur during the excitation and having a rhythm of 8 to 10 per second. 
This continued contraction can only be ascribed to the continued 
activity of the grey matter of the cord, and the rhythm of these 
undulations must afford a probably correct indication of the rhythm of 
discharge of nervous impulses from the motor cells when these are 
acting independently. These spontaneous undulations never succeed 
one another more rapidly than about 10 per second, even if the 
previous rapid electrical excitation of the cord has produced an 
accelerated rhythm of muscular response, but they may as in the case of 
the impulses resulting from after-activity of the cerebral cortex become 
- summated to produce larger epileptiform contractions of slower rate. 


This epileptiform summation we have obtained in two or three instances, 
and its occurrence no doubt affords prima facie evidence not only of the 
possibility of setting up epileptoid spasms without the participation of the 
motor cerebral cortex (see note on a previous page) but also with regard to 
the seat of the summation of rapidly recurring nervous — which are 
passing down the motor tract. 


It is interesting to remark that the so-termed “ankle-clonus”, which 
is certainly dependent in some way or another upon the integrity and 
activity of the grey matter of the cord, exhibits a rhythm of from 
6 or 10 contractions per second’, It may also be pointed out that the 

‘ rhythm of muscular response to the reflex excitation of the cord in a frog 
or toad poisoned by strychnine has very nearly the same rate®. 


V. ExcITaTION OF THE Motor NERVE. 


Excitation of the motor nerve has given in our hands results in no 
respect different from those which are well known. The muscular 
response has followed exactly in all cases the rate of excitation. Up to 
a rate of excitation of 20 per second the waves upon the ascent of the 
curve, and for some distance along its course, are distinct and easily to be 
counted ; excitations produced by a reed of 30 or more vibrations per 
second give a tetanus with the waves completely fused ‘hoe V., 
Fig. 4 D)’. 

1 Gowers, Diagnosis of diseases of the spinal cord, 2nd Edition, 1881, p. 23. 

2 This was first shown by Lovén with the capillary electrometer (Nord. Med. Ark. 
1879; Centralbl. f. d. med. Wiss. 1881), and he also succeeded in recording the undulations 
by the aid of a myographic lever. 

* Franck and Pitres (Arch. de Physiol. 1885, p. 18,) give 45 excitations per second as 


the minimum necessary to produce complete tetanus in the muscles whether applied direct 
or to the motor nerve or to any part of the motor tract. 
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The chief value of this stage of the experiments is to show that the 
undulations obtained on excitation of the nerve-centres were not due to 
any defect in the method of recording the contractions, or produced by 
any instrumental error, since otherwise they would be exhibited upon — 
the curves obtained as the result of excitation of the motor nerve. 


VI. -Summary AnD CONCLUSIONS. 


The general results of our — may be summarized as 
follows :— 

1. The rhythm of to electrical excitation of the 
nerve-centres is the same whether the excitation be applied to the grey 
matter of the cerebral cortex in the motor region, or to the fibres of the 
corona radiata emanating from that region, or to the spinal cord (but not 
to the peripheral motor nerves). The rate of the rhythm is not the 
same as that of the excitation except when the frequency of excitation 
is 10 per second or less. With all higher rates of excitation the rhythm 
of muscular response is maintained at a i uniform rate of about 10 
per second. | 

2. The rhythm of muscular response in the case of voluntary and 
reflex contractions is essentially the same as that which results from — 
electrical excitation of the nerve-centres. 

3. The rhythm of muscular response in all cases of after-excitation 
(whether distinctly epileptoid in their nature or not) is fundamentally 
the same as that of voluntary and reflex contractions, and of 
contractions immediately produced by a rapidly recurring electrical 
excitation, but the response, in the case of epilepsy, may present a 
secondary rhythmic summation which produces.a clonus of slower 


rate. 


The principal conclusivn to be drawn from these results, which have 
been supplemented by numerous observations on voluntary and 
epileptoid contractions in man’, seems to be this—that every 
prolonged contraction of the skeletal muscles which is 
provoked by excitation, whether natural or not, of any part 
of the nerve-centres, is a tetanic contraction which has been 
produced by a series of impulses generated in the nerve- 
centres and passing along the motor nerves at an average 
rate of about 10 per second. 


1 For the observations upon voluntary contractions see sueceeding paper. 
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As to the place of generation of the rhythm it is certain that in 
some cases it occurs in the lower nerve-centres (i.e. in the motor nerve- 
cells of the spinal cord, medulla oblongata, pons and mesencephalon). 
At least this conclusion appears to follow from the fact that when we 
excite the motor tract above those centres by a rapidly interrupted 
electrical stimulation the excitation manifests itself by a muscular 
response which has a rhythm of only 10 per second, whereas it is certain 
that the rapid excitation of the nerve-fibres of the motor tract must. 
have caused equally frequent nervous impulses to pass along those 
fibres. It is clear, therefore, that these rapidly succeeding impulses have 
not been transmitted unaltered through the motor nerve-cells, but have 
become summated within them and converted into a smaller number 
of impulses, which are then forwarded with a constant slower rhythm by 
the peripheral motor nerve fibres to the muscles. 

This hypothesis will also explain why it is that in some cases there 
is seen a rhythm of muscular response which is the same as that of the 
electrical excitation (even when the latter is rapidly interrupted), or if 
not quite equal to the rate of excitation, yet considerably exceeding the 
normal rhythm. For in these instances we have merely to suppose that 
for some reason or another the usual summation of impulses within the 
nerve-cells has either altogether failed to take place, or has occurred 
imperfectly, with the result that the rapidly succeeding nervous im- 
pulses are transmitted to the motor nerve fibres, either with unaltered 
rhythm or with a relatively slight amount of diminution in rate. 

We cannot claim either to have proved or disproved that, in the case 
of nervous impulses originating naturally, or as the result of rapid elec- 
trical excitation in the grey matter of the cerebral cortex, the rhythmic 
summation may occur in the nerve-cells of the cortex. But although in 
no way disproved by our experiments the supposition is at least un- 
necessary, for, as we have shown, the rhythm is usually exactly the same 
whether the cortical nerve-cells are or are not included in the path of 
the nervous impulses. There is in short nothing in the results of the 
experiments to indicate that the discharge of nervous impulses from the 
cortical nerve cells has a rhythmic character at all, although there are 
strong @ priori considerations in favour of such a hypothesis’. 


1 The fact that in some individuals the automatic action of the cortical cells may 
occasionally produce a muscular response having a rhythm of 12 or 13 or even more per 
second, whereas the automatic action of the nerve-cells of the spinal cord appears to be 


never capable of originating a rhythm of greater frequency than 10 per second, lends 
probability to this hypothesis. 


| 
Pall 
| 
| 
| 
| | 
aul 
ai 
WW 
| | | 
| 
| | 
| | 
| 
| 
| | 
| 
| 


CHARACTER OF MUSCULAR CONTRACTIONS, ETC. 107 


. We have not entered into an account of the literature of this subject, 
because it has lately been treated of at great length by the accomplished 
authors to whose articles we have so frequently had occasion to make 
reference. With regard to the very different conclusions we have been led 
from our experiments to draw regarding the rhythm of muscular response 


to rapid excitation of the nerve-centres, we would here remark that most 


of the tracings which are given by Franck and Pitres in illustration 
of the results obtained by them from electrical excitation of the cortex 
cerebri and corona exhibit with great distinctness and regularity the 
rhythmic undulations which we have described in this paper. These 
authors seem however not to have attached any importance to the 
undulations in question, or at least, to have entirely failed to appreciate 
their true significance. It is moreover obvious in many cases that 
the rhythm of the undulations they have thus recorded is by no means 
coincident with the rate of excitation. Unfortunately a time tracing is 
in most instances omitted, so that the exact rhythm cannot be determined, 
but the general similarity of the curves represented by them to those 
obtained by ourselves renders it sufficiently clear that, as regards matter 
of fact, there is no actual contradiction in our respective results, 

Similar small rhythmic undulations are also very distinct on many of 
the tracings of epileptoid spasms which they have put on record. 


DESCRIPTION OF THE FIGURES. PLATE V. 


Fic. 1. A. Reed vibrator with sliding clamp, capable of causing variations 
in the battery current through a Du Bois coil (as in Helmholtz’s modification 
of Neef’s hammer) and thus producing closing and opening shocks in the 
secondary coil of about equal intensity. By moving the clamp the rate of 
vibration of the reed can be varied from 5 to 100 double vibrations per 
second, 

_ B shows the vibrator weeaead; in connexion with the baitery and coil. 

Fie. 2. a. Tracing obtained from one of the hamstring muscles of a 
monkey during rapid electrical excitation (with 60 reed) of the cerebral cortex 
close to the upper end of the furrow of Rolando. 

B. A similar tracing from the same muscle contracting under the 
influence of the will. ) 

In both tracings the undulations exhibit a conte of about 12 per second. 


Fic. 3. Tracings obtained from the extensor longus digitorum muscle of 
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the fore-arm of a dog as the result of rapid electrical excitation of the several 
parts of the motor tract. 
A. Excitation of cerebral cortex with 30 reed (followed by iki) 

B. Excitation of corona radiata with 40 reed after removal of cortex. 
c. Excitation of distal end of cut spinal cord (cervical region) with 30 
reed. 

p. Excitation of musculospiral nerve with 30 reed. 

Fie. 4. Tracings from the muscle of a dog during excitation of the cortex 
cerebri and corona radiata. 

A. Excitation of the cortex with 10 reed (followed by epilepsy). 

B. Excitation of the cortex with 20 reed. 

A and B both exhibit summation. 

c. Excitation of the corona with 40 reed. 

Fig. 5. Tracing from a dog during excitation of cortex cerebri and 
corona radiata. 

A. Excitation of cortex with 30 reed (followed by epilepsy). 

B. Excitation of cortex with 20 reed (followed by epilepsy). 

c. Excitation of corona with 20 reed. | 

Fic. 6. Tracings from a rabbit. 

a. Excitation of cortex cerebri with 50 reed. 

B. Excitation of spinal cord with 50 reed. 

. In Fig. 6 8, there is just visible during the first four seconds, besides the 
undulations of slower rhythm (about 10 or 11 per second), a faint indication 
of responses coinciding with the rate of excitation. This is not afterwards seen 
although the same rate of excitation is continued — the whole time 
of the tracing. 

In all the tracings shown in Figs, 3, 4,5 and 6 the time in seconds is 
marked by vertical lines upon the curve. 

The tracings shown in Fig. 2, are taken at a much more rapid rate than 
the others. 

All the tracings are to be read from left to right with the exception of 
fig. 28, which has been inadvertently copied so as to read from right to left. 
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APPENDIX. 

| 

| The following table exhibits the details of one of our experiments. 
j We give it in order to show the method by which the — results 


have been obtained. 


Dog. Mongrel, about 6lbs. weight. The dashes indicate seconds 
in which the undulations were too indistinct to be exactly computed. 
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ON THE RHYTHM OF MUSCULAR RESPONSE TO Vo- 
LITIONAL IMPULSES IN MAN. ByE. A. SCHAFER, 
F.RS., Jodrell Professor of Physiology, assisted by Messrs H. 


E. L. CANNEY anv J. O. TUNSTALL, Students of Univer- 
sity — Pl. VI. 


(From the Physiological Laboratory, University College.) 


DIRECT evidence of the tetanic nature of a voluntary muscular con- 


traction has hitherto been lacking, although its discontinuity is almost 


universally accepted by physiologists. 

Enquiry into the evidence in favour of this opinion shows it to be 
very insufficient. Numerous observers have attempted to demonstrate 
the occurrence of discontinuity by means of the rheoscopic frog pre- 
paration but without success. The opinion is indeed based almost 
exclusively upon the sound of a semi-musical quality which is emitted 
by a voluntarily contracted muscle, this sound being supposed to give 
an indication of the number of successive twitches which are fused into 
the tetanic contraction. 

This conclusion appeared to be supported by the fact that the sound 
of a muscle corresponds with that of a vibrating metallic reed or 
tuning-fork which is employed to interrupt a galvanic circuit stimulating 
the motor nerve. But Lovén has shown that the true explanation of 
this fact is entirely different from the one which has usually been 
accepted *. 

There are indeed many reasons against accepting the muscle-sound as 
evidence upon this subject. For in the first place the first sound of the 
heart which is certainly in the main a muscular sound is very similar to 

1 For the literature of this subject see L. Hermann, Allgemeine Muskelphysik, Handb. 
d. Physiologie, Bd. 1., p. 47. 


2 Chr, Lovén, ‘“‘Ueber den Muskelton bei elektrischer Reizung u. s. w.”” Arch. f. 
(Anat, u.) Physiol. 1881. 
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that of a muscle contracting under the influence of the will, and yet it 
seems clear from the results yielded by the capillary electrometer’ (as 
well as by the graphic record of the contraction) that the contraction of 
the ventricle is a single continuous act. Moreover it has been shown 
that the note of a voluntarily contracting muscle is not constant but 
varies with the tension of the muscle’. 

In fact it is very doubtful whether the note which is heard (one of 
from 36 to 40 vibrations per second) is any measure at all of the rate of 
muscular responsé. The experiments of Helmholtz showed that the 
vibrations of the muscle correspond certainly to not more than half the 
number of vibrations of the note which is actually heard, and further 
that this note is really the resonance-note of the ear, and is capable of 
being modified by merely varying the resonance of the ear, as by per- 
forming Valsalva’s experiment’. 

The direct evidence which is afforded of the discontinuity of volun- 
tary contractions by myographic tracings has hitherto been almost 


entirely neglected, or if referred to at all rejected as abnormal‘ or as 


affording indications of too uncertain a character. 
Tracings were however obtained by Lovén’ of strychnine-tetanus in 
the frog and toad (both primary and secondary) which showed undula- 


_tions of 7 to 9 per second, a rate corresponding with the electrical 


variations which he had previously observed both in strychnine-tetanus 
and in voluntary movements of those ariimals. And he draws therefrom 
the conclusion that this must represent the rate of nervous impulses ; 
passing to the muscles. ; 

But from what has been stated in the previous paper® it is clear that 
the evidence afforded by such tracings can not only not be neglected 
but must from its constancy be accepted as giving a conclusive indica- 
tion of the character of the muscular contraction, Nothing could show 


1 See the photographic records which were obtained by Prof. Sanderson and Mr Page, 
and published by them in this Journal. Vol. rv. 

2 Marey, Compt. Rend. ix11., p. 1171, 1866, and subsequently by others. 

3 For a discussion of the value of the evidence yielded by the sound of a contracting 
muscle see L. Hermann, loc. cit.; Kronecker and Stirling, “Die Genesis des 
Tetanus,” Arch, f. (Anat. u.) Physiol. 1878; Kronecker and Hall, Arch. f. Anat. and 
Physiol. 1879; and Lovén, loc. cit. 

4 Cadiat (Anatomie Générale, T. 1. pp. 225—234) has obtained such tracings but 


- seems to have failed to have got evidence of discontinuity, except in fatigue. 


5 Lovén, ‘‘Ueber Strychnine-tetanus u, willkiirliche Muskelaction.” Centralb. f. d. 


med. Wissen. 1881. Compare also Kronecker and Hall, loc. cit. 


6 Horsley and Schafer, “Experiments on the character of the muscular 
contractions which are evoked by excitation of the motor tract.” ‘This Journal, p. 96. 


4 
4 
j 
4 
a 
aq 
1% 
4 
2a 
43 
4 
| 
é 
ag \ 
4 
| 


RHYTHM OF VOLUNTARY CONTRACTIONS. 113 


the character of a voluntary or spontaneous contraction more distinctly 
than the tracing which we have reproduced in Pl. V. Fig. 2 B. In this 
it is possible to analyze the curve of a voluntary tetanus just as easily 
as the curve of a tetanus produced by directly exciting the motor nerve 
or the muscle itself by an interrupted current. 

The method adopted for registering the contraction of the voluntary 
muscles in man in obedience to the will is similar to that employed by 
Mr Horsley and myself for recording the contraction of those muscles 
in animals in obedience both to excitation of the motor tract and to 
volitional impulses but of course with the omission of the excitation- 
apparatus. The muscle, the contraction of which it was desired to 
record, was allowed to come in contact with the button of a receiving 
tambour, and the swelling of the contracting muscle was thus allowed 
to compress the air within this, and to cause a corresponding ascent of 
the lever of the recording tambour. This method of conducting the 
experiments is shown in Plate VI. Fig. 1 as applied to the opponens pol- 
licts, which is the muscle we have mostly employed in the investi- 
gation. 

Occasionally however we have caused the part moved, instead of the 
muscle, to act upon the myograph, without obtaining any difference of 
result. 

The curve of a vol untary muscular cositenntion obtained by this 
method invariably shows, both at the commencement of the contraction 
and during its continuance, a series of undulations which succeed one 
another with almost exact regularity, and can, as it would seem, only 
be interpreted to indicate the rhythm of the muscular response to the 
voluntary stimuli which provoke the contraction. A characteristic 
tracing of the commencement of a voluntary contraction in man, as 
recorded upon a rapidly moving surface, is shown in Plate VI. Fig. 2. 
The undulations above referred to are plainly visible and are sufficiently 
regular in size and succession to leave no doubt in the mind of any 
person who has seen a graphic record of muscular tetanic contraction 
produced by exciting the muscle through its nerve about 10 times in 
the second, that the curve here represented is that of a similar contrac- 
tion. Another tracing taken on a more slowly moving surface is repre- 
sented in Fig. 4 and one on a surface moving at an intermediate rate in 
Fig. 3. 

Undulations similar in character and rate are observed during the 
whole extent of time that the contraction is maintained. Throughout 
each tracing they are tolerably regular as regards rate, although they 
PH, VII. 9 
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often exhibit irregularities of height, which are much more marked in 
some individuals than in others. __ 

Occasionally the regularity is interrupted by a Bonge and larger 
wave usually covering the extent of two of the anal -undulations—an 
occurrence which is probably due to a more complete summation = 
usual of the effects of two successive nervous impulses. | 

Although there is a good deal of variation in the character of the 
tracings obtained from different individuals, and even tracings obtained 
from the same individual at different times and under different conditions 
yet the rate of succession of the waves only varies within comparatively 


narrow limits’. 


Almost all the persons whose voluntary muscular contractions have 
been investigated show a rhythm of muscular response to voluntary 
impulses, of about 10 per second. A few show an almost constant. 
rhythm of about 8 or 9 per second, and in one or two cases the rate was 
as high as 11 or 12. The extreme variations obtained in single seconds 
have been from 8 to 13. A computation of the results yielded by a 
large number of tracings obtained from more than twenty individuals, 
mostly men under thirty years of age, gave the number 9°795 as ‘the 
average rate per second. 


The experiments upon which these numbers are based have been princi- 
pally conducted by Messrs H. E. L. Canney and J. 0. Tunstall. From the 
tracings which they obtained, twenty-eight were selected for computation, as 
exhibiting the muscular undulations most distinctly. In these tracings vertical 
lines were drawn from the time markings to the myographic record, and the 
number of waves in each second were counted wherever they could be clearly 
made out. Portions of tracings which have thus been treated are given in — 
the accompanying figures (Figs. 5, 6 and 7 of Plate VI.). Of these the first 


~ (Fig. 5) is one in which the muscular waves are extremely accentuated’ and 


very regular as to number, being as nearly as possible 10 per second. The 
second exhibits a somewhat more rapid succession of waves (about 11 or 12 


1 The undulations are in some instances far less marked than in others. This may be 
partly due to the mode of application of the tambour-button to the contracting muscle, 
but there are certainly differences due to the varying condition of the muscular and 
nervous systems of the subjects of experiment. Sometimes the occasional irregularities are 
very strongly marked, and give a zigzag appearance to the curve when traced upon a 
slowly moving surface, but in spite of these differences of height the regularity of 
succession of the undulations is generally remarkably uniform. 

2 This extent of muscular vibration is such as usually only accompanies severe strain 
(which however was absent in this case). That the vibrations of straining muscles are 
indications of the discontinuity of voluntary muscular action was first pointed om by 
Briicke. Sitzungsb. d. Wiener Akad. uxxy. 
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per second) and they are smaller and more uniform. In the third tracing on 
the other hand there is much more general irregularity, nevertheless the 
number of waves in the several seconds varies but little. It will be observed 
that these three tracings as well as that shown in Fig. 4, which exhibits the 
commencement of a contraction curve, are taken upon a much more slowly 
moving surface than the tracings given in Figs. 2 and 3; hence the apparently 
sharp character of the waves, especially those of larger extent. 

The following gives the results of the computations made by Messrs 

Canney and Tunstall in the form of a table:— 


Experiment | E : 
9/1 | 98 
EAS { | 4 6 10-9 
laMew. | I | | 9 9:8 
S. H. M. 9-0 
W. H. H. I | % | 13 | 95 | 108 
90 | 12 | 9 9: 
H. P. D. 43 
| 33 12 | 8 98 
mm | is | 12 | 9 10-0 
| I | | 12 | 8 
42 | 10 | 6 : 
G. { | 293 | 12 | 9 | 104 
J. B.D. 1 | 9-7 
O08. I 10 | 8 | 88 
{ | 42 | 13 | 9 | 108 
E. B. H. 9-2 
| 26 9-3 
HL. r | 29 | 18 | 9 | 104 
J. W. J. 95 
OP. T I | 29 9-6 
J.B. I | 12 8-6 


These results of Messrs Canney and Tunstall have already been partly 
9—2 
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published in the Journal of Physiology, Vol. VI. obser of the Physio- 
logical Society for March 21, 1885). , 


In all except two of the cases recorded in the preceding table, the 
tracing was obtained from the opponens pollicis muscle; in the two 
exceptions which are marked with an asterisk the contraction of the 
biceps brachii was recorded. Moreover in all the experiments of this 
series the work done by the muscle was minimal, and the nervous and 
muscular strain also minimal. Another series of experiments is now in 
progress, having for its object to determine the effect upon the | 
character of the muscular response of strain and fatigue, as well as | 
the action of drugs and other conditions influencing the nervous and ==] 
muscular systems. _ 

General conclusions. The following scliaieas may be drawn from 
the results of the experiments here given, taken in connexion both 
with those recorded in the preceding paper and with well-known ~ 


1, A prolonged voluntary contraction in man is an innountaie 
tetanus produced by from 8 to 13' successive nervous impulses per 
second. About 10 per second may be taken as the average. 

2. The average rate of muscular response to volitional impulses is 
approximately the same in man as in other mammals that have been 
examined. 

3. The average rate of muscular response to volitional impulses in 
man is approximately the same as the average rate of muscular re- 
sponse to rapidly recurring excitation of the nerve-centres in animals, 

4. The average rate of muscular response to volitional stimuli in 
man is approximately the same as that obtained both in man and 
animals as the result of pathological or other excitation of the cortex 
cerebri producing epilepsy, although in the latter case the impulses 
tend to undergo summation and thus to cause the appearance of clonic 
contractions of slower rhythm. 

5. The rate of muscular response to volitional stimuli in man is | 
nearly the same as the rate of suena rompers which is. due to . 
activity of the spinal cord alone. 
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DESCRIPTION OF FIGURES. PLATE VL 


Fig. 1. Apparatus employed to record the contractions of the voluntary 
muscles in man (from a photograph), __ 

A. Receiving tambour, the button of which is applied to the opponens 
pollicis, 
B. Registering tambour, the lever of which is writing upon the 
cylinder. 

C. Chronograph marking seconds. 


Fig. 2. Tracing of the commencement of a voluntary contraction (opposi- 
tion of thumb). Rapid movement of cylinder. Time in ;},ths of a second, 
marked by a tuning-fork. (This tracing was obtained by connecting the 
_ thumb directly by a thread with a myographic lever, an elastic band being 
substituted for the usual weight.) 


Fig. 3. Tracing of the commencement of a voluntary contraction (opponens 
pollicis) taken on a surface moving at about one-third the rate of that upon 
which the tracing shown in Fig. 2 was recorded. The time occupied by this 
tracing was marked below it in seconds and the record has been transferred to 
the tracing by drawing vertical lines from the eeualreiioue ; altogether three 
seconds are reproduced. — 


Fig. 4. Tracing of the commencement of a voluntary contraction (oppo- 
nens pollicis) taken on a relatively slowly moving surface. Time in seconds. 


Fig. 5. Tracing taken during the continuance of a prolonged voluntary 
contraction (opponens pollicis). The undulatory character of the contraction 


is accentuated in this tracing. 
Fig. 6. Tracing taken during the continuance of a prolonged voluntary 
contraction of the opponens pollicis. The undulations are small but well 
marked, and are somewhat more frequent than in the other tracings here 
recorded. 
: Fig. 7. Tracing taken tect the continuance of a prolonged voluntary 
contraction of the opponens pollicis, The curve exhibits an unusual amount 
of irregularity but the average frequency of the undulations is very constant. 
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A FURTHER CONTRIBUTION REGARDING THE EF- 
FECT OF MINUTE QUANTITIES OF INORGANIC 
SALTS ON ORGANISED STRUCTURES. BrSYDNEY 
RINGER, MD., F.RS., Professor of Medicine at University 
College, London. 


THE effect of minute doses of lime and other salts in maintaining 
the heart’s contractility led me to test the action on fish of distilled 
water alone and of distilled water holding inorganic salts in solution. 
Fish I found soon died when placed in distilled water, a result due not 
to the absence of air but to the absence of salts in the water. Distilled 
water kills in one of two ways or by both combined. It may cause 
the diffusion from the blood through the gills of lime and other salts 
necessary for the maintenance of muscular contractility; or it may act 
through diffusion and osmosis or imbibition on the tissues of the gills, 
disorganizing them and so arresting respiration. | 

To ascertain in what manner distilled water destroys fish, I tested 
the action on the gill edges of fresh water mussels of distilled water 
alone and of distilled water containing various proportions of salts. I 
cut off the edges of the gills, and placed a certain portion in the several 
solutions and in tap water, and examined them daily with the micro- 
scope. Distilled water I found soon destroyed ciliary action, causing the 
cells to swell often to quadruple their natural size, so as to burst many 
and liberate their nuclei. The distilled water also separated the cells, 
causing in fact complete disintegration of the tissue. Distilled water 
not only causes the cells to swell and burst, but separates them from 
one another, and appears to induce swelling of the cement material 
which unites the cells. It is evident therefore that distilled water, in 
part at least, will destroy life by disorganizing the gills and impeding 
respiration. 

This separation and disintegration of the structure must be caused 
either by osmosis and diffusion or by imbibition. 

In this paper I record observaticns made, with the assistance of 
Dr Buxton, to still further learn the effect of minute quantities of 
saline ingredients on organized structures. 

It is well known that Laminaria, a fucoid alga of cellular structure, 
without woody or vascular tissue, when dried and immersed in water, 
swells enormously ; and it occurred to me that, if inorganic salts would 
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modify the swelling of this vegetable structure, this experiment might 
throw some light on the mode of action of lime on animal structures. 

In the fucoid alga the cell wall consists of two parts, the outer 
being composed of a degradation compound, namely bassorin or traga- 
canth, and this structure it is which swells up so enormously when the 
dried plant is immersed in water. I shall proceed to show this swelling 
is due mainly at least to imbibition by the bassorin (algin), and further 
that lime salts will control to a great extent the amount of imbibition. 
This great swelling of laminaria must be due either to imbibition 
or to osmosis or to both. The osmosis however must play but a small 
part, for the osmotic equivalent of sodium chloride is itself small and 
only somewhat greater than that of calcium chloride. Osmosis therefore, 
it is obvious, does not account for the prodigious tumefaction of laminaria. 

I tested the effect of solutions containing lime salts, sodium salts, 
and potassium salts respectively. I employed a 1°/, solution of chloride 
_ of calcium, adding various quantities to distilled water, using in each 
experiment 400 c.c. of fluid. 

I placed portions of laminaria in 400 c.c. of each testing fluid, which 
I each day renewed. In each series I placed a piece of the same stem 
of exactly the same weight in each solution, and each day tested 
the amount of imbibition by first wiping and then weighing the laminaria. 

I first tested the effect of distilled water and of tap water, making 
many observations though I record only two. 

I placed two pieces of laminaria, each weighing 2 grammes, one in 
distilled water, the other in tap water. On the fifth day the piece from 
distilled water weighed 11:9 grammes and that from tap water 6°75 
grammes. 

In another experiment I immersed a piece of laminaria in distilled 
water and another piece exactly the same weight in tap water, and on 
the fifth day they weighed respectively 5°8 and 3°85 grammes. Then I 
dried both pieces and placed them in 2°/, solution of sodium chloride 
(which I shall subsequently show obviates the effect of lime), and their 
weights on the fifth day were respectively 5 and 4:7 grammes. 

These pieces of laminaria I again dried. Reversing the experiment, I 
immersed the one formerly in distilled water in tap water, and vice versa. 
In eight days the tap water laminaria weighed 5°35 grammes and that 
placed in distilled water 6°75 grammes. 

These figures then show that laminaria when immersed in distilled 
water absorbs more fluid than when placed in tap water. Of course the 
difference is more marked when large pieces of dried laminaria are used. 
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With a4 piece of dried lasainande weighing 2 grammes the difference 
amounted at the end of five days to 5 grammes. 

This difference between the effect of distilled and that of tap water 
on laminaria must be due to the saline constituents of tap water. 
The saline constituents of tap water being chiefly composed of 
sodium, potassium, or calcium salts, I next tested which of these salts 
lessens the absorbent quality of laminaria. 

I intmersed pieces of laminaria respectively in distilled water and in 0°5, 
1, and 2°/, solutions of sodium chloride. I made many series of experi- 
ments which it is not necessary to record, for they all gave the same 
result. The piece of laminaria in distilled water swelled more rapidly 
than the others in saline solutions, but after a time the pieces in 
saline solutions caught up the one immersed in distilled water and in 
many instances reached a greater weight. — 

I made observations also with solutions of potassium chloride of the 
same strength, and the results were identical with the experiments 
made with sodium chloride, i.e. the portions of laminaria swelled more 
slowly in potassium solutions than in distilled water; but in about 
fourteen days the laminaria in potassium solutions reached the same 
weight as the pieces in distilled water. | 

The sodium and potassium salts therefore are not the ingredients in 
tap water which lessen the imbibition by laminaria. _ 

I next tested the action of calcium chloride on the imbibition by © 
laminaria, and find that very small quantities of lime lessen considerably 
the amount of fluid taken up. 

I took four pieces of dried laminaria each weighing 48 grammes, 
The first I placed in distilled water; the second in a solution containing 
5 c.c. of calcium chloride solution to 395 c.c. of distilled water ; the third 
in a solution containing 10 c.c. of calcium solution to 390c.c. of distilled 
water ; and the fourth in a solution containing 20 c.c. of calcium chloride 
solution to 380c.c. of distilled water. In seven days the first weighed 
22°35 grms., the second 17:25 grms., the third 14°3 grms., the fourth 
11°5 grms. 

In a second series of testings I repeated this experiment and added 
two other solutions, the fifth solution consisting of 40.c.c. of calcium 
chloride solution to 360 c.c. distilled water, and the sixth solution con- 
sisted of 80 c.c. calcium chloride solution to 320 c.c. distilled water. , 

In each solution I immersed a piece of laminaria weighing 3°65 grms., 
and on the seventh day the first, ie. that in distilled water, weighed - 
20°6 grms., the second 142 grms., the third 11°5 grms., the fourth 8°6 
grms., the fifth 8:15 grms., and the sixth 635 grms. 
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These experiments prove the powerful effect of calcium chloride in 
lessening the imbibition of fluid by laminaria. One part of calcium 
chloride in 9000 parts of distilled water sensibly diminishes the absorp- 
tion of fluid; for instance, in one case, the laminaria in distilled water 
weighed 22 grammes, whilst that placed in the weak calcium chloride 
solution weighed 17 grammes. In fact a solution containing 40 c.c. of 

1°/, solution of calcium chloride to 360c.c. of distilled water swells the 
laminaria only to little more than double its dry weight, whilst laminaria 
in distilled water increases from five to seven times its dried weight. 

The checking effect then of tap water on imbibition is obviously due 
to the lime contained in the tap water. 

Tap water not only lessens the imbibition, but on removing the lamin- 
aria from the tap water, drying it, and then immersing it in distilled water, 
the tap water (lime) effects persist, and the laminaria swells only as 
much as it did in tap water; whereas a piece of laminaria steeped first 
in distilled water for some days, and then dried and immersed a second 
time in distilled water, swells as much or nearly as much as when for the 
first time steeped in distilled water. 

Calcium chloride produces the same effect. I took four pieces of 
laminaria each weighing 48 grms. One piece I put in distilled water, 
another in 395 c.c. of distilled water with 5c.c. of 1°/, calcium chloride 
solution, a third in 390 c.c. distilled water with 10 c.c. of calcium chloride 
solution, and the fourth in .380c.c. of distilled water containing 20 c.c. 
of calcium chloride solution. On the seventh day the first weighed 
22°35 grms., the second 17:25 grms., the third 14°3 grms., and the fourth 
1l‘Sgrms. After drying, the pieces of laminaria weighed respectively 
33 grms., 3°6 grms., 3°3.grms., and 3grms. Steeped in distilled water 
for seven days the pieces weighed respectively 19°5 grms., 12°3 grms. 
75 grms,, 6°25 grms.; so that the pieces of laminaria during the second 
immersion with distilled water imbibed less than during first immersion 
when the pieces were treated with lime solution. Thus the lime effects 
not merely persisted, but were even more marked in the second than in 
the first immersion. 

Frequent repetitions of this experiment always yielded the same 
result. 

We have just seen that laminaria immersed in water containing — 
lime loses much of its absorptive power. If however the laminaria is 
dried and put in 2°/, chloride of sodium solution it regains much of its 
absorptive power so that when dried and immersed in distilled water it 
swells almost as much as it would had it never been treated with lime 
solution, as the following table shows: 
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It is sufficient to transfer the laminaria from the lime solution to 
the saline solution, without drying it, in order to obviate the effect of 
the lime. Then on drying and putting the laminaria in distilled water 
it swells again freely. 

Though calcium chloride greatly lessens the amount of absorptive 
power of dried laminaria, yet if a piece of it is first placed in distilled water 
till it swells to the fullest extent and is then transferred to a lime solu- 
tion it undergoes no diminution of weight. Lime greatly restricts the 
swelling, but it will not make swollen laminaria part with any of the 
water it has absorbed. 

Other lime salts, like calcium chloride, restrain the swelling of 
laminaria. I steeped four pieces of laminaria cut from the same stem, 
each piece weighing 2‘7 grammes, the first in 400c.c. of distilled water, 
the second in 400 cc. of ‘2°/, solution of nitrate of lime, the third in 
400 c.c. of *4°/, solution of nitrate of lime, and the fourth in a saturated 
solution of sulphate of lime. On the sixth day they weighed re- 
spectively, (i) 142 grammes, (ii) 5 grammes, (iii) 45 grammes, (iv) 
48 grammes. 

Phosphate of lime is scarcely soluble in distilled water. Conse- 
quently it has much less action on laminaria. Of two pieces of lami- 
naria, each weighing 3°8 grammes, one was placed in distilled water, the 
other in a saturated solution of tribasic phosphate of lime in distilled 
water. On the seventh day-the first weighed 20°7 grammes, the second 
19°5 grammes. 

_ Lime water also restrains the swelling of laminaria, I cut four pieces 
of laminaria weighing 7'1 grammes each, the first I steeped in 400 c.c. 
distilled water, the second in equal parts of lime water and distilled 
water, the third in a solution consisting of one part of lime water in four 
of distilled water, and the fourth in a solution consisting of one part of 
lime water in eight of distilled water. On the 13th day they weighed 
respectively 88 grms., 19°2 grms., 20°2 grms., 25°2 grms. The pieces of 
laminaria were then dried and weighed, the dried weight of each piece 
being 5'3 grms.; and these were all placed in distilled water and on the 
18th day weighed respectively 32°5 grms., 9°5 grms., 9°5 grms., 10°8 grms, 

Solutions containing common salt with calcium chloride restrict the 
swelling of laminaria sometimes by one half; but on drying the pieces 
and putting them in distilled water they yet swell pretty nearly to the 
same extent as the laminaria that has not been subjected to a solution 
containing lime, as the following table shows : 


wif 
g 
“x 
& 
4 


j 
ia 
| 
} 
| 
| 
ay 


‘Then all placed in sine 


124 RINGER. 


$45) with 40c.c. | Same with | Same with 
Distilled {calcium chlo-| 80c.c, cal- 120 c.c. of cal- 
water ride solution | cium chloride | cium chloride 
| in 400 dis- solution solution 
tilled water | © 


Dried weight 2‘lgrms. | 2*lgrms,| 2:1 grms.| 2:1 grms. 


water and on the 8th day>| 9°7__,, 10 


weighed 


Laminaria being a sea-weed of course contains on drying a good 
deal of sodium chloride, and the question arises, What influence has this 
fact on the swelling of the dried plant when steeped in various solutions ? 
Is the absorption due simply to diffusion of these salts with the corre- 
sponding osmosis of water? This certainly is not the — of the 
swelling, as numerous experiments show. 

Two pieces of laminaria, each weighing 2 grms., were immersed, one 
in distilled water, the other in tap water, and on the fifth day they 
weighed respectively 119 and 67 grms. When thoroughly dried they 
weighed, one 1°9 and the other 1°3 grms.; they were then replaced as 
before, the first in distilled water and the second in tap water, and six 
days afterwards they weighed respectively 11 and 3:7 grms, They were 
a second time dried and each weighed 1°25 grms. and both were placed 


in distilled water, and on the second day the first weighed 9°15 grms. 


and the other only 2°95 grms. 

In another experiment I put a piece of laminaria weighing 
7°05 grms. in distilled water, and in eighteen days it weighed 33:9 grms, 
After being dried it weighed 5°7 grms., and a second time was immersed 
in distilled water, and in seventeen days it weighed 29°8 grms. Again 


it was dried and weighed 41 grms.; it was immersed a third time 


in distilled water, and on the sixteenth day it weighed 26°7 grms. 
The fluid containing the laminaria, as I have said, was changed daily. 


- On the first and second days the distilled water gives distinct traces of 


chloride when tested with silver nitrate solution, but on the third or 
following day the fluid contains no chloride. Hence I conclude that all 
the chloride of sodium has diffused out and yet swelling afterwards goes 
on; and on drying the laminaria and again immersing it in distilled 
water, it swells as rapidly and as—if we take into consideration the loss 
of weight after each immersion—freely as at first. 
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Has the sodium chloride any influence on the swelling? In the 
previous experiments we find that laminaria steeped in distilled water 
swells more rapidly than laminaria in solution of common salt, but 
though in the saline solution the plant swells more slowly still after a 
time it catches up the weight of the laminaria in distilled water. This 
fact suggests that the salt in the dried laminaria diffuses more quickly 
with distilled water than with saline solutions, causing a more rapid 
osmotic current, and thus accelerates the swelling; but this view is 
discountenanced by the fact that a piece of laminaria immersed in 
distilled water, dried, and again immersed in distilled water, generally _ 
swells more rapidly the second time when all the salt has been diffused 
out by the first immersion. 

The previous experiments then show that sodium chloride and 
potassium chloride retard but do not lessen the amount of fluid taken 
up, and that therefore the diminished absorption by laminaris 1 in tap 
water is not due to its sodium and potassium salts. 

On the other hand minute traces of a calcium salt greatly restrict 
the swelling of laminaria and this persistently, for on drying a piece 
placed in distilled water containing lime and then immersing it in 
distilled water, it swells much less than if in the first instance put 
into distilled water. | 

_ This, I think, shows clearly that lime unites with some material 

in the laminaria; otherwise, treated with distilled water it should 
diffuse out and leave the laminaria to be acted on by the distilled 
water. 

Sodium chloride however largely antagonizes this effect of lime, for 
if a piece of laminaria which has been steeped in a lime solution, and so 
has swollen but little, is placed in a 2°/, solution of sodium chloride, when 
dried and again put into distilled water it will swell as much almost as 
a fresh piece of laminaria. 

Whilst lime salts will restrain the swelling of dried laminaria, yet if 
it is immersed first in distilled water till fully swollen the addition of 
lime will fail to lessen the amount of swelling. 

I have shown that the swelling depends not on osmosis of salts; 
indeed the osmotic equivalent of common salt or lime salts is far too 
small to explain this prodigious swelling. 

The swelling must then be due to the imbibition of water by the 
bassorin (algin), and this imbibition is evidently greatly restrained by 
lime salts. The following experiment confirmed this conclusion. 

“ Algin, a new substance obtained from some of the commoner 
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species of marine alge’, ” contains nitrogen in addition to carbon, 
hydrogen and oxygen, is insoluble in water, but becomes very soluble on 
the addition of a little alkali. Dilute hydrochloric acid, dilute nitric 
acid, indeed all the mineral acids coagulate it. Lime water, baryta water, 
salts of calcium and strontium give white precipitates. 

It can be obtained by immersing the fronds of laminaria in water 
containing a little alkali, by preference sodium carbonate. The whole 
plant becomes disintegrated and presents a gelatinous mass consisting 


of a thick glutinous gummy liquid containing the cellular fabric of the 


plant completely broken up. It contains 2°/, of algin. This can 
be separated by heating and filtering through coarse linen sacking. 

The swelling of dried laminaria is chiefly due to the imbibition of 
water by this substance. 

_ Algin is sold in thin paper-like sheets, which I used in carrying out 

the following experiments. 

I placed three pieces of the algin sheet weighing 33 grms. respec- 
tively in the following fluids :—400 c.c. distilled water; 400 c.c. distilled 


water with 4 c.c. of 1°/, solution of calcium chloride; 400 c.c. distilled 


water with 8 c.c. of 1°/, solution of calcium chloride. 

These different specimens at once displayed a difference which 
day by day increased. In distilled water the algin rapidly swelled and 
became indistinguishable. In the solution containing the smaller 
quantity of lime the algin swelled considerably, but always could be 
detected as a thick fog at the bottom of the vessel. _ | 

In the solution containing the larger quantity of lime the algin 
hardly swelled at all, and we could throughout detect the shape of the 
immersed pieces. 

This experiment, somewhat modified, I repeated by steeping pieces 
of algin weighing 33 grms. respectively in the following fuids—400 c.c. 
distilled water, 400 c.c. tap water, 400 c.c. distilled water containing 


8c.c. of calcium chloride solution, 400 c.c. distilled water containing 


16 c.c. of chloride of calcium 1°/, solution. 

In three days’ time the algin in each case was much swollen and 
appeared as a mist or cloud at the bottom of the vessel. In the first 
the mist seemed to melt away into the surrounding medium. In the 
tap water the mist had a well-marked line of demarcation. In the 
third the line of demarcation was still more distinct, and in the fourth 
this line of demarcation was still more defined. 


1E.C.C. Stanford, F.C.S. Pharmaceutical Journal, June 9, 1883. 
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Lime then lessens the amount of fluid that algin can imbibe, 
probably by combining with the algin. 
_ Cress seeds when placed in water become surrounded by a trans- 
parent insoluble zone of mucilaginous matter; and the swelling of this 
mucilaginous envelope is much greater oha the seeds are put into 
distilled water than in distilled water containing minute quantities of 
calcium chloride. 


These are instances of the effect of lime to lessen the swelling of a 
lowly endowed “ degradation compound” of vegetable tissue. I will now 
give an instance of the influence of lime on an animal product. 

In distilled water the gelatinous investment of the ova of frogs 
quickly swells, increasing for three or four days, at which time it is four 
to six times larger than the investment of ova in tap water. As it swells 
it becomes less apparent whilst the ova are in water, till at last it can be 
seen only by transmitted light, though of course the investment is 
apparent enough when the water is poured off the ova. As the gelatinous 
investment swells it becomes less tenacious, and after a few days is very 
easily torn. With the swelling the cloudiness or haziness of the invest- 
ment diminishes and there is often noticed a halo immediately round the 
ovum, and outside that the glutinous matter is quite translucent. 

The addition of a small quantity of calcium chloride to distilled water, 
as one part in 5000 or less; checks the swelling of the gelatinous envelope | 
so that it does not become larger than when treated with tap water. 

I find that sodium bicarbonate added to distilled water also lessens 
the swelling of the gelatinous envelope, but in a less degree than the 
addition of calcium chloride ; for instance, one part of sodium bicarbonate 
in 5000 parts of distilled water failed to prevent the swelling of the 
gelatinous envelope beyond the point produced in tap water. But one 
part of sodium in 2500 parts of distilled water restricted the swelling to 
the degree produced in tap water. 

I find too that 4c.c. of ‘6°/, saline to 100 c.c. of distilled water prevents 
the swelling of the gelatinous envelope more than occurs in tap water. 

The swelling of the gelatinous envelope of frogs’ ova when immersed 
in distilled water is far greater than can be explained by diffusion and 
osmosis and must be due to imbibition, and here we have another 
instance of the controlling influence of salts on imbibition, _ 

I think then it is probable that the death of fish in distilled water is 
due not only to osmosis of the cells but to imbibition by the material 
which unites the cells to each other. 
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NOTE ON A METHOD OF OBTAINING URIC ACID | 
CRYSTALS FROM THE MALPIGHIAN TUBES OF 
INSECTS AND FROM THE NEPHRIDIUM OF PUL- 
MONATE MOLLUSCA. By C. A. MACMUNN, MA, 
M.D. | 


SoME time ago Prof. Moseley suggested to me the advisability of 
re-examining the Malpighian tubes of insects for the presence of uric 
acid. On endeavouring to obtain evidence of its presence by means of 
the murexide reaction I got—after some time had been spent—a 
positive result, and I then tried to obtain crystals of uric acid. 

By the method which was found applicable, it is possible to obtain 
abundance of crystals of uric acid from the contents of the Malpighian 
tubes of a single insect, or even some of its tubes, and this method is 
therefore: likely to be useful in determining whether a given organ in 
an invertebrate animal discharges a renal function or not. 

The insect exgmined for this purpose was Periplaneta orientalis. 
The Malpighian tubes after crushing were boiled in distilled water to 
dissolve the supposed urate or urates, the extract evaporated to dryness, 
the residue extracted with boiling absolute alcohol and this extraction 
twice repeated, the alcoholic solution poured away, the residue again 
| boiled in distilled water and filtered while hot. To the filtrate an 
| excess of acetic acid was added and after the lapse of some hours 
crystals were easily found with a } objective. These occur mostly in 
hexahedral plates, also in the so-called “coffin-shaped” crystals and in 
prismatic needles crossing each other, also in groups of star-shaped form 
composed of prismatic and “whetstone” crystals and in other forms, 
| Some of the residue, when evaporated to dryness and nitric acid was 
ee added, effervesced ; on evaporating the acid the residue was reddish. On 
i} holding a glass rod wet with ammonia close to it, a fine purple colour 
was seen, and on adding caustic — instead of ammonia it shewed a 
beautiful violet colour. 
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On applying the same method to the contents of the nephridium of 
Helia aspersa a similar result was obtained, the crystals however 
differing in shape and size, but corresponding nevertheless to the well- 
known forms in which uric acid is known to crystallize. Some of the 
crystals obtained were cubical, some hexahedral, others prismatic with 
truncated angles, others “coffin-shaped” and so on. Both in the case 
of Periplaneta and Helix the size of the crystals depends on the 
method of preparation, for instance they are smaller when the acetic 
acid solution is boiled. 

The dried residue in the case of Helix also gave the cienete re- 
action distinctly and the above-mentioned colour changes with caustic 
potash 

From the nephridium of Limaz flavus similar crystals were obtained, 
and in this case too the murexide reaction was equally well marked. 

In the juice of the nephridium of Heliz, spherical crystals are found 
which have been mistaken by some observers for crystals of the 
colouring matter of the so-called bile of this mollusc; they probably 
consist of urate of soda (and calcium)’ and are at all events the urate of 
the base which yields uric acid by the above treatment. In their 
interior needles can be seen radiating from the centre to the periphery. 
It has been shown by Griffiths’ that the “green gland” of the Crayfish 
can be made to yield crystals of uric acid, and he has more recently 
found uric acid in the organ of Bojanus of Anodon, but in his 
experiments caustic potash was used ; a method open to the objection 
that possibly, though not probably, the reagent may have had 
something to do with the result; but in the present case acetic acid is 
the only reagent used, which is not open to this objection. 

Hence it may be safely concluded that the view held that the 
Malpighian tubes of insects and the nephridium of the Pulmonate 
Mollusca function like the kidney of vertebrates is quite correct. 

References to the literature of this subject have not been given, 
because it had not been hitherto proved to the satisfaction of those 
most capable of judging that uric acid is achnally excreted by and in 
the organs referred to above. 


1 They crystallize in the same form as urate of soda. I hope to determine the nature 
of the base when I have an opportunity. : 
2 Chemical News, Vol. 51, 
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EXPERIMENTS AND CONSIDERATIONS ON HAEMO- 
DYNAMICS. By S. DE JAGER, MD. UTRECHT, 
HOLLAND, (Pl. VIL) | 


-Exactiy thirty years ago Donders’ made some critical and 
experimental contributions to Haemodynamics. In his usual clear 
argumentative style Donders discussed the relations of the lateral 
pressure in the different parts of the vascular system as deduced from 
observations on the flow of fluids through tubes. In the clearest 
manner he contended that some of the views set forth in Volkmann’s 
Haemodynamics’ were erroneous, a contention of all the more importance 
at that time, because it was seen that Volkmann’s book would long be 
the basis of further investigations into the circulation of the blood. 
Most willingly do I, at the outset of this essay, adopt the language 
which Donders then employed, and I say, with the great physiologist, 
that if I must occasionally differ in opinion from men who in this 
domain, are far above all praise of mine, I do this without desiring in 
any way to diminish the great respect to which their merits entitle 


them. 


Even in Manuals of physiology and pathology we occasionally 
meet with views on the relations of the circulation which are not 
compatible with our notions of hydrostatics and hydrodynamics. Nor is. 
the physiologist to blame for this. 

In the course of his investigations problems often arise which must 
be deduced from similar problems in physics or chemistry; but when for 
their solution he consults these auxiliary sciences, he finds no solution 
until in these domains he investigates the matter for himself. The 
processes in physics or chemistry with which the physiologist has to 


- deal, are generally of a most complicated character; and the physicist or 


chemist is not to be blamed for not trying to solve the most complicated 
matters first. Thus the physiologist is often obliged to attempt the 


1 Donders. Arch. f. Anat. u. Physiol. 1856, p. 433. 
* Volkmann. Haemodynamik. Leipzig, 1850. 
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solution himself, and hence, to combine with his physiological investiga- 
tion one in chemistry or physics. 

These difficulties are sure to occur most frequently in every investi- 
gation into the relations of the circulation. All physiologists agree that 
the relations we meet with in the circulation of the blood must be 
deduced from the passage of fluids through tubes; and how greatly would 
not it avail, if the solution of the latter problem were at hand, or, even 
if the matter had been thoroughly and successfully investigated? As 
this is not the case, we are sometimes led astray. What has been 
discovered by experiments in physics is often applied to an organism. 
Thus a very dangerous path is entered into. We ought first to be 
accurately acquainted with the facts in their relations in the organism 
itself, and when we have arrived at an explanation and thorough under- 
standing of these relations, we must have recourse to the auxiliary 
science. If we do not adopt this plan, but the reverse, we run great 
risk of thrusting physiological phenomena into some previously con- 
céived physical notions. 

Let us not forget that in living organisms we a Wve to do with living 
tissue. However much we may desire to express what we observe in 
the orgariism in a more concise form, in other words, to reduce the laws — 
which there obtain to a formula, the data required for this purpose 
have nowhere been collected. To give a single example, if we wish to 
express in formulae the laws which govern the circulation of the blood 
we ought to know, (to méntion but one factor) the coefficient of elasticity 
of the living wall of the vessels over the whole vascular system. But 
when we wanted to employ such a coefficient, wé should find that we 
knew very little about that of the dead tissue, and all but nothing about 
that of the living one. Hence we are generally obliged to content our- 
selves with relative statements, when we wish to give absolute ones. 

When Volkmann’* found, in the case of a fluid flowing from a 
reservoir through a non-elastic tube of unequal width, that, in the 
passage of the fluid from a narrower to a wider part, the pressure at the 
end of the narrower part is lower than at the beginning of the succeeding 
wider part, he called this: “negative Stauung.” Donders justly dis- 
puted the propriety of this name, and gave a simple and plausible 
explanation of the phenomenon. It was thus shewn by an experiment 
_ that a fluid flowing through a tube may at a certain part of the tube 
indicate a pressure lower than that indicated further on in the direction 


1 op. cit. p. 45. 
10—2 
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of the stream; in other words, paradoxical as it may seem, that fluid 
can flow from a place of lower to one of higher pressure. Hence it 
follows that, if a fluid flows in a certain direction, we cannot a priori 
say whether the pressure at a given point will be higher or lower than 
or equal to that at a point more remote. 

Yet still in our time we find it given as a fundamental principle of 
the blood-circulation that the blood flows in a definite direction, because 
the pressure in the artery is greater than in the vein. In the ‘“ Hand- 
buch der Physiologie, herausgegeben von L. Hermann, Ister. Theil, 
Physiologie der Blutbewegung von A. Rollett,” which may undoubtedly 
be considered as a standard work on Physiology, we find verbatim at 
page 224: “Es ist nun in der That die Aufgabe der Herzventrikel, die 
Druckdifferenz zwischen Arterien und Venen auf einer nahezu constanten 
Hohe zu erhalten, und so wie in unserm Schema, ist auch beim Blutlauf 
die Strombewegung des Blutes auf diese Druckdifferenz zuriickzufiihren.” 

It is this principle which Weber’ enunciates and which is constantly 
_ accepted in spite of Volkmann’s observations and Donders’ explana- 
tion, We do in fact find that the pressure of the arterial blood is 
higher than that of the venous; but this difference is not the cause of 
the blood-current, is only one of the most constant phenomena; and after 
Volkmann’s observations we must accept the possibility that the 
pressure of the blood in a blood-vessel at a certain distance from the 
heart may be lower than in one at a farther distance. 

To this subject I shall refer later. I have mentioned it now merely 
as an example of inaccurate representation with respect to the relations 
of the circulation. Before proceeding to these relations themselves, I 
wish to premise a few observations on the passage of fluid through tubes, 


I. On the passage of fluid through tubes. 


a. On the constant flow of fluid through a non-elastic, horizontal, 
straight tube of equal width. When a fluid flows from a reservoir to 
which such a tube has been attached laterally, the relations of the fluid 
may be examined both experimentally and theoretically. As soon 
however as we wish to apply the principles there found to the passage 
of fluid through a tube of unequal width, and other cases still to be 
mentioned, difficulties present themselves, because the phenomena cannot 

1 E.H. Weber. Arch. f. Anat. u. Physiologie, 1851, p. 497. 

2 Where I myself previously, in discussing the blood-current in the lungs, spoke of 


difference of pressure between arteriae and venae pulmonales, I added in a note an 
explanation of what I understood by this difference of pressure. 
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be deduced from these principles. Yet it occurs to me that the relations. 
we meet with in the last mentioned cases may be very easily inferred 
from the case of the tube mentioned at the head of this paragraph. For 
this purpose a simple representation of the relations obtaining in this 
case is necessary; and these may without any difficulty be inferred, 

with some modification, from what Donders has communicated to us 
on the subject. 

When fluid flows by a lateral opening from a reservoir, in which it . 
is maintained at a constant height, then, apart from the loss‘ of the 
actual energy of the particles of the fluid caused by the change in the 
direction of the moving particles, the velocity of the issuing fluid is 
v=,/2gH where H is the height of the column of water in the reservoir 
(Torricelli’s Theorem). A fluid mass m which thus flows out, has an 
actual energy 7’=4mv*,=mgH. And even when, after its passage 
_ through the aperture, this mass of fluid is no longer under the influence 
of gravity, it is capable of doing work until } mv* is consumed. This 
quantity of energy lies in the mass m itself, and the height of pressure 
H, as soon as the mass has passed the aperture, exercises no further 
influence on the labour which it can perform; or in other words, the 
force, which gave it this energy, has ceased to act on it. 

If we apply a tube to the aperture, and again exclude the loss of 
energy necessary to give the particles of fluid the direction from the 
reservoir into the tube, then the mass m will pass from the aperture, | 
and thus into the tube, with the same quantity of energy, 7. The 
_ presence of the tube can exercise no influence on this amount. The 
mass m is, however, now forced to move through the tube, and must in 
its passage overcome resistance’; the energy existing in the mass 
cannot thus be entirely employed to produce velocity; a part of it 
must be used to overcome the resistance in the tube. The mass of 
fluid, on reaching the end of the tube, will thus have lost a part of its 
energy and will there flow out with the actual energy = 4 myv,’, where 


v, <2. 
In the passage of the fluid through the tube th ms be consumed 
an energy of 7’—4 mv,*. As the fluid may be éonsidered incompres- 
sible, the velocity during the whole passage through the tube will be the 


1 I will not enter upon the question of the different kinds of resistance encountered by 
fluids in their passage through tubes. Though with respect to the flow of fluid this is a 
most important matter, and up to this moment there is much in it that has not been 
explained, I have not had up to the present time an opportunity of investigating the 
matter by experiments. 
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same, and may be expressed as v, = s (where r is the radius of the 


section of the tube, and A the amount of fluid which in the unit of time 
flows out at the end of the tube), At the end as well as at the 
beginning of the tube the velocity will therefore be », ; and the actual 
energy 4 mv,*, which the mass of fluid m has at the end of the tube, it 
will have possessed through the whole of its passage. The difference 
just adduced in the energy of the mass of fluid at the beginning and at 
the end of the tube, 7’— 4 mv,’, cannot therefore have been present as 
actual energy, but must have accumulated in another form. It has 


~ been deposited in the mass of fluid as potential energy. Over the whole 
of its passage through the tube the mass of fluid will thus have an 


energy >4mv,’; only at the end of the tube is this exactly = 4 mv,’. 
This surplus of energy in the mass of fluid must therefore be indicated. — 
We know that, in fluids in movement, not only velocity but also 

pressure may be indicated. Now the so-called hydrodynamic pressure is 
exactly the expression of the potential energy present in the mass of 
fluid. What is the force which this potential energy gives to the mass 
of fluid? Mechanics teaches us, that a particle possesses potential energy 
only as long as a force works on it. The pressure of the column of fluid 
in the regervoir ‘may have given rise to this condition, yet this can no 
longer be the force in question. I have just shewn, that, as soon as the 
mass of fluid m has passed through the aperture, the influence of the 
height of pressure in the reservoir has ceased to act on it. The whole 
energy is in the mass m itself. The force in question can be nothing 

else than the tension of the fluid. Fluid is indeed considered to be 
incompressible, but this merely means that with an increase of tension 
the diminution in volume is so. minute, that we have no means of accu- 
rately determining the slight modifications in the result thereby pro- 
duced. Although the density of the fluid will be different in places 
where the pressure differs, it follows from what I have just said that 
the difference in density may be so slight that we can safely disregard 
it. Still wherever the fluid shews a higher pressure the tension becomes 
greater. Hence, as much of the energy of the mass of fluid m, as can- 
not at a given moment be operating as actual energy, and cannot there- 
fore express itself as velocity, will so long be detained as potential 
energy, that is to say as tension of the mass of fluid. If we attach 
piezometers to the tube we see the expression of this tension as the 
so-called lateral pressure or rather hydrodynamic pressure. 

This consideration is of importance, because it follows that, if there 
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is a cock at the beginning of the tube, and the fluid flows steadily 
through the tube, the mass of fluid on the sudden closing of the cock will 
continue to move not only in consequence of the actual energy } mv,’ 
but also under the influence of its potential energy, which then pitied 
into actual energy. If the pressure in the reservoir were the force which 
imparted to the particles of the fluid their potential energy, then, on the 
closing of the cock, that is to say on the removal of this force, the fluid 
would move only under the influence of the actual energy present in it. 

The relations of hydrodynamic pressure in the passage of the fluid 
_ through the tube are well known. It regularly diminishes and, at the 
end of the tube, if we disregard the atmospheric pressure, is zero. If 
we take the latter into consideration, this pressure at a given point in 
the tube can, — to Neumann, be represented by 


where b is the pressure of the atmosphere, p, the pressure at the begin- 
ning of the tube, / the length of the tube, and 2 the distance between 
the point selected and the beginning of the tube, from which it follows 
that if«=l, p=b. If p is the pressure in a certain section at a Solurde 
# from the beginning of the tube, uw the velocity in a point of this section 
at a distance r from the axis of the tube, and 7 a coefficient of friction, then, 


du 
dp ar) 
‘da vr dr 
this equation is independent of x and hence so far constant, p will be 


ois to Neumann, Since the second member of 


formulated as follows : 


p=Ax+ B (where A and B are constants); 


in other words, p will be a linear function of 2. Hence, the pressure 
over the whole of the tube may be represented by a straight line; it 
steadily diminishes from the beginning to the end. 

Considering then, that the velocity in the different sections of the 
tube is, as we have seen, the same, the actual energy of the mass of fluid 
m will everywhere be } mv,’, the potential energy at every point of the 
tube will be just equal to the resistance that must still be overcome ; 
_ this is generally expressed by saying: the height of pressure at every 
point of the tube is equal to the height of resistance. 

This however is true only in this special case of a tube pence vee 
of the same width. It ceases to be so a8 Soon as we have to do with 
one of unequal width. 
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b. On the constant flow of fluid through a non-elastic, horizontal, 
straight tube of unequal width. The argument adduced at the beginning 
of the former paragraph (a) is also applicable to the flow of a fluid from 
a reservoir through this kind of tube. At the beginning of the tube the 
mass of fluid m has the energy 7’, which in the absence of the tube is 
expressed by 4 mv*. This mass, however, must overcome the resistance 
in the tube, and it has at the end of the tube the velocity v, < 1; it thus 
has an actual energy =4mv,°. Hence in the tube 7 — 4 mv,’ of energy 
has been consumed. In what form this energy thus consumed will be 
present in the fluid depends upon in what part of the tube the fluid is. 
With the movement of the mass of fluid m somewhat of the energy in 
it will be continually consumed, and the total energy of the mass must 
diminish from the beginning to the end of the tube, to be at the end 
exactly 4mv,*; but as the diminution depends on the resistance 
experienced, and this is not, as in a tube of equal width, everywhere 
the same throughout, the diminution will not occur regularly. Where 
the resistance is greatest, in- the narrowest part for instance, the 
diminution of 7' will be greatest. Nor will the actual energy of the 
mass m be everywhere in the tube the same, since the velocity at 


a given point (». = cs ) is not everywhere the same, but depends on 


the magnitude of r, A must here, of course, in every section be — 
equally great, and then it immediately follows from the above formula, 
that the velocity in a wider part will be less than in a narrower, 
- and that the actual energy of the mass m will be less in the wider 

than in the narrower part. If we call the total energy at a certain 
point of the tube 7,, and the actual energy at that point } mv,” then 
the difference 7',,— 4 mv, must again be present here as potential 
energy, that is to say as tension in the mass of fluid. If we denote this — 
potential energy by P,,, then P,, = } mv;z,, or’ T,, =} + Py, 

At a point z,, a little farther in the tube, 7, will also = 4 mv,? + Pai 
and of course 7, is < T;,,. 

Now two cases are ‘possible, when a k NS or widening takes 
place,—viz. 


1 We have the right to make this equation, because we may add together potential and 
actual energy. The mass m, which in general has an actual energy of 4 mv*, will be able to 
perform a labour = ks. If the mass m has an equal amount.of potential energy, this may 
also be represented by ks, and differs only so far from the actual energy that with the 
latter the path s is actually traversed, while with the povential energy the same path may 
be traversed. 
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Ist. A wider part passes into a narrower. Let us call the total energy 
of the mass m just before the end of the wider part 7, and just after 
the beginning of the narrower part T’,,, then . 


that is 4 + Pz, is >} + Pr, 
and since Uz, 18 < Uzy iS <$ ; 
whence, by subtraction 
Fy. 


The potential energy will, therefore, be greater in the wider part of | 
the tube than in the narrower; and if we then determine the hydrodynamic 
pressure we must find it greater in the first case than in the second. 
Whether this difference will be great or small depends, of course, on the 
difference in magnitude of v,, and v,, and on that of 7, and T,. We 
have first considered the mass of fluid in the wider, and then when it has 
reached the narrower part; but just at this transition, especially when it 
is sudden, the mass of fluid has had to overcome a special resistance, into. 
the nature of which we will now not enter, but which is occasioned by 
what we usually call eddies (tourbillons) of the fluid. To overcome this 
special resistance a special amount of energy has, of course, been con- 
sumed, and on this account the difference between 7,, and 7,, will be 
greater than if the particles of the fluid had been able to make a recti- 
linear movement. With greater changes in the lumen this special re- 
sistance will be greater, and moreover v,, will be much smaller than v,,, 
for which two reasons P,, will be much greater than P,.. 

- 2nd. A narrow part passes into a wider. T',, is the total energy of the 
mass m just before the end of the narrower part, 7’, that at the beginning 
of the wider. Here again 


T,,is > 
or + is > § + Pz, 
but, since now Uz, 1S > Uz,, MVz, 18 > Mrz, ; 
whence by subtraction | 
either P,, > P,, or Pz, = or Ps, < 


Hence with respect to the magnitude of the potential energy, and so 
also to that of the hydrodynamic pressure to be observed in both parts 
of the tube, three cases are possible. Which of these three will occur 
depends on the relations of the change from-v,, to v,, and from 7’, to T,.. 

If in this transition from one part to the other there were no eddies, 
and thus no special resistance to overcome, then 7, and 7, would 
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differ but little from each other, and on any considerable widening 
P,, would be < P,,, Since, however, eddies arise, 7, will always be 
considerably greater than 7, and the possibility of the two other cases 
is present. With any considerable widening, however, the influence of 
the large decrease of v, is greater than that of the decrease of T;, as 
experiment shews. In most of these cases we find P,, < P,, Here, 
then, we have one of those cases (we shall meet with more) where a fluid 
flows from a place of lower to one of higher pressure. 

- Unreasonable then is Jacobson’s’ contention with Donders. 
Jacobson discusses the case in which a narrower part passes into a 


wider, and the wider part is at the end of the tube. At the end of the 


narrower part the hydrodynamic pressure was already next to nothing, 
and in the following wider part there was no higher pressure shewn than 
in the preceding part; there was indeed hardly any pressure at all 
indicated, not even when he narrowed the egress more than a third. 

As I have just shewn, this depends only on the change of v, with 
respect to that of 7,. At the end of the narrower part (in Jacobson’s 
case) almost all resistance is overcome, the difference 7’—4 mv; is 
already small, and if the mass has reached the wider part, the differ- 
ence has become almost nil, if the wider part is not long. Thus 
the relations are here as unfavourable as possible to get P,, <P,,. 
Experimentally this relation will be most clearly observed, when we 
cause the fluid to flow directly from a reservoir into a narrower tube 
which passes into a wider. If the latter part is short, Jacobson’s 
case will ensue. If however the latter part is constantly made longer, 
while all the rest remains the same, we shall at last, when the wider 
part has attained a certain length, see P,,<P,, As the wider part 
becomes longer, since the resistance increases with the length (accord- 
ing to Poiseuille), the actual energy of the mass of fluid m, at the 
end of the tube, } mv,’ will be smaller in proportion as the wider part 
is longer. Since v, = = (r, is the radius at the end of the tube) A 

1 
will become smaller if v, becomes smaller while r, is constant. The | 
quantity of fluid A, which passes through every section of the tube in 
the unit of time, will thus, upon a lengthening of the wider part, become 
smaller ; from which it follows, that in the narrower part the velocity also 
will decrease, when the wider part is lengthened. Since the resistance 
of friction decreases with the velocity, as also that which arises from the 


Jac obson. Aunat. f. Anat. Physiol. 1860 and 1862. 
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eddies, the amount of energy required to overcome the resistance de- 
creases with the velocity. Hence in proportion as the wider part becomes 
longer, the difference between 7, and 7, will become smaller; and, as 
this difference becomes smaller, the chance that P,, becomes smaller 
than P,, will become greater, if in this case the proportion between 1,, 
and »,, is not too much changed, which case will presently be discussed. 
In order that P,, should be < P,,, it is not absolutely necessary that the 
wider part should be followed by a narrower, as was the opinion of 
Volkmann. Yet it follows from the above that this will be most 
favourable to P,, becoming < P,,. 

_What is applicable to the ihe of equal width, is also applicable 
here, viz.: that the potential energy exists as tension in the mass of 
fluid. Thus where P,,is < P,, the fluid flows from a place of lower to 
one of higher pressure. A difference of density in the fluid at the 
two places, though extremely slight, will ensue. 

_ With a view to its application to the vascular system it is perhaps 
not superfluous to point out that to the hydrodynamic pressure we 
must add algebraically the hydrostatic pressure, even in a horizontal 
tube. This may be easily shown by experiment. For this purpose I 
employed a tube such as is shown in Fig. 1, and caused water from a 


Fie, 1. 


reservoir to flow through it, At a, b,c, and d vertical glass tubes were 
placed to measure the pressure. By keeping, as far as was possible, the 
level in the reservoir at a constant height, and by opening, to a greater 
or less extent, a cock which was attached to the beginning of the tube, 
I was able to. obtain and compare with each other different heights of 
pressure at a, b, c, and d; 
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The dimensions are: diameter AB=diameter CD =1 centimeter. 
Diameter of the part BC = 23 centimeters. Length of BC =30 centi- 
meters. Horizontal distance ab = 124, bc = 224, od = = 11 centimeters. 


I. 
The heights of pressure are in each case measured from the level in the 
vertical tube to the upper side of the horizontal tube at the point indicated 
by the letter. 


Number of Height of | Height of | Height of | Height of 
: ressure ressure ressure ressure 
observations at a at b atc at d 
116} 107 10632 1062 
2 lly 111 110 110 
1093 101 1004 101 
4 92 8232 824 60! 
5 66 56 553 60 
6 424 323 323 38 
7 26 16 16 224 
8 43 33 oo 39 
9 69 60 593 63 
10. 907 81 81 82 
11 1054 96 96 97 
12 116 107 106 107 


From the table it appears, that the pressure on the wall of AB at a 
is greater than that on the wall of BC at b. But when the fluid is not 
in motion there will be a difference in pressure at these two places. 
On AB the atmospheric pressure will be exerted, on the wall at b the 
atmospheric pressure minus the pressure of a column of water, the 
height of which is equal to the vertical distance from the wall at a to 
that at b. If now the fluid is allowed to flow, and ascends in a to h,, in 
b to h, above the wall of the respective part of the tube, the pressure 
in a will be F'+h, (F equal to the atmospheric pressure); and since 
before the fluid began to flow, there was a pressure equal to F, the 
pressure caused by the flow of the fluid, the hydrodynamic pressure, 
will be F+h,—- F=h,. 

In } the fluid bas risen to h,, and the yressure on the wall is 
indicated by #’+h,. Before the fluid began to flow, there was here a 
pressure of F’—q, (q is equal to the vertical distance between the walls 
of AB and BC). The pressure caused by the flow of the fluid, the 
hydrodynamic pressure, is hence q. In order, 
therefore, to compare the hydrodynamic pressure in the two parts of the 
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tube, the height of the column of water, which is equal to the vertical 
distance between the two points to which the piezometers have been 
applied, must be algebraically added to the pressure observed. It then 
appears, that the hydrodynamic pressure at every point of a certain 
section of the tube is the same, while the hydrostatic pressure at those 
points of this section which do not lie in a horizontal plane, is different. 
Now, since the observed pressure is the algebraic sum of both, this 
will be found to be different if we determine it in another horizontal 
plane of the same section. Where the parts of the tube differ but 
little in diameter, the difference will of course be slight. Jacobson in 
his observations perhaps overlooked this. From this relation it may 
even follow, that, if in a wider part of the tube (for instance, if the 
wider part comes last, as in Jacobson’s case) the hydrodynamic pres- 
sure is very slight, the pressure to be observed on the upper side of 
the tube, which is found by subtracting g from the hydrodynamic 
pressure, may become negative, that is lower than the atmospheric 
pressure. If a piezometer is applied to this point, air will be aspired. 

The above relations explain to us the fact, that in Table I. the 
pressure observed in c is lower than ind. To ascertain the hydrodyna- 
mic pressure, g must in each case be added to the numbers ofc. If we 
apply these corrections of the numbers of Table I. by adding 11 cm. to | 
the numbers of b and ¢c, we then obtain the real hydrodynamic pressure. 
They then become : — 


Tasie II. 
Height of | Height of | Height of | Height of 
Number of ssure ressure ressure ressure 
observations ata PR at b atc at d 
1 116 118 117 106} 
2 119 122-— 121 110 
3 1093 112 111 101 
4 92 933 93 82 
5 66 67 66 re 
6 424 433 43 38 
7 26 27 27 22} 
8 45 44 — 44 39 
9 69 71 703 63 
10 90 92 92 82 
ll 1054 107 97 
12 116 118 117 107 
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It now really appears that the hydfodynamic pressure at a is 
smaller than at b, that at c it is greater, even considerably greater, than 
at d. By this it has not however been experimentally proved, that the 
fluid flowing from AB to BC goes from a point of lower pressure to one of 
higher. If we, however, bear in mind, that the hydrodynamic pressure 
at every point of a given section of the tube must be the same, then, 
in the tube BC at the height where AB enters, in other words, in the 
same horizontal plane in which the tube AB lies, the hydrodynamic 
pressures are as they are indicated in Table II. b. Seeing that in the 
same horizontal plane the hydrostatic pressure remains the same, it 
follows hence, that at B, before its passage into the wider part, the total — 
pressure is really lower than in the wider part itself. The numbers in 
column a and b Table II. give, at the same time, the total pressure in 
AB at a, and in BC in the vertical section } at the same height as a. 

‘But it also appears from experiment that this view is correct when 
we apply our piezometers at AB and BC in the same horizontal plane. 
The following table indicates this. The piezometers were applied to the 
same tube as in figure 1, but now laterally at a,, b,, ¢, and d,, and then 
bent rectangularly upwards. 


Taste III. 


The heights of pressure are now measured from the median plane — 
of the horizontal tube. 


Height of | Height of | Height of | Height of 


Number of ressure ressure ressure ressure 
observations at a, at b, at c, at d, 
1 1283 1303 1304 120 
2 106 108 107% 98} 
3 804 824 824 75 
4 30 31 302 26 
5 1303 133 132 121 t 


Most important are the relations of the pressures in AB and BC 
when the part of the tube CD possesses a greater diameter while AB 
and BC remain the same. In Table IV. the heights of pressure are 
indicated, while at a,, b,,c,, and d,, piezommeters have again been attached, _ 
but the tube CD has now a diameter of 4 centimetres. 
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TaB.e LV. 


The ight of are measured from the madian plan of the heriontat 
tube at a,, b,, ¢,, and d,. 


Number of Height of | Height of | Height of | Height of | 
observations |. Pressure pressure pressure pressure 
in cm. at a, | in cm, at b, | in cm. at c,| in cm. at d, 
1 56 61 614 62 
oa 3 40 40 40 
3 21 27 274 27 
22 22 21 
5 254 314 | 31 31 
6 39 44 44 44 
7 53 59 59 59 
8- 80 84 84 8 
9 100 104 103 103 
10 116 1194 119 119 
11 244 31 31 3k 


Here we see that the pressure is considerably higher at b, than at a,. 
The difference is greater than when the tube CD had a smaller diameter. 
On the other hand the difference between c, and d, has become much 
smaller; it was often even smaller than } centimetre. Superficially. 
considered this does not agree with our discussions above. We then 
argued that if the latter part of the tube was a wider part, the difference 
of pressure between the preceding narrower and the following wider part 
would be greater, if this latter part was made longer, and the resistance 
thus increased there. On the shortening of this part the difference of 
pressure will thus decrease. In the experiments from which the Tables 
are taken, the wider part BC again passes into a narrower CD, thus the 
most favourable condition to obtain P,, < P,, Hence, the narrower CD 
becomes, we should expect the difference between P,, and P,, to be all 


1 With respect to all the Tables given I must observe, that numbers occurring there have 
not any absolute value, but can serve only for comparing the pressures in the different 
parts of the tube AD; and I must, at the same time, add that CD was not a short tube, as 
might be supposed from the diagram, but a rather long one. In comparing the pressures 
on the passing of a narrower into a wider part, and the reverse, this is of no importance, 
if we do not assign an absolute value to the numbers. The level in the reservoir was. 
moreover not constant, and the influences of temperature have not been regarded. Hence — 
the levels in the piezometers constantly made slight oscillations, and the measurements — 
could not be made within } cm, Thus if the levels in two succeeding piezometers, for: 
instance in b, and ¢,, differed by less than } cm., we find in the Tables the:same numbers. 
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the greater; and we see, on comparing Table IV. with Table II. 
that if in Table IV. the last part CD is taken wider, the difference 
between P,, and P,, increases (the height of pressure at a, and 6, really 
gives us the magnitude of P,, and P,,). 


The narrowing which is made to get the difference P,, < P,, as 
great as possible has also a limit; for, though by that narrowing the 
amount A of fluid which escapes becomes smaller, and thus also the | 
velocity in all the sections of the tube and the resistance of friction there- 
by slighter, by which the difference between 7',, and 7’, becomes smaller, 
yet the difference between v,, and v,, is thereby changed, as I have 
observed above. Now seeing that }mv,,* must be subtracted from 77, 
and 4mv,," from T’,, in order to obtain P,, and P,,, the second power in. 
which v occurs will exercise much influence. 


Suppose for instance the radius of the narrower part r;, = 2, of the 
A 
wider part 7,,= 4, then v,, = and v,, = 


If the aperture of exit, or, as in our case, the tube CD be widened, 
then the quantity A which escapes increases ; suppose this widening to be 
so large that A becomes 24, then v,, will have become = Fe and v,, = = 
In the formula of the actual energy stl voccurs in the second power, 
and we must thus compare : 


_ The difference between formulae 1 and 2 is much smaller than 
between formulae 3 and 4; and if we disregard the changes which 7’,, and 
T,, also undergo when A changes, then the difference between P,, and 
P,, will be smaller when A flows through the tube than when 2.4 ‘fbwe 
through it. 

We have however already seen, that under these changes the 
difference between 7’, and 7’;,, also changes, and thus the only question 
is: What is the mutual relation between these changes? By accurate 
experiments, which I have at present no opportunity of making, it 
would be possible to determine with what lumen of CD the difference 
between P,, and P,, will be the greatest, when the height of pressure 
in the reservoir remains the same, and the parts of the tube AB and BC . 
do not change. 

As I have already observed, all these conditions can only be traced by 
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accurate observations upon the different resistances, and the eddies 
with different velocities. Nor will I now dwell any longer on these 
very important relations, but merely show that in some cases when a 


fluid flows through a horizontal tube the pressures in different points of 


the same horizontal plane of a given section may be different. I 
caused the fluid to run through a flat tube (all the tubes of which I have 
hitherto spoken were round). 

The tube was as in the figure annexed. The round tube AB (diam. 


Fig. 2. 
E F 
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=2} cm.) passes into the large flat tube BEFCHG (height=2} cm.), and 
this again into the round tube CD (diam.=2} cm.). In the vertical 


direction, thus, the tube undergoes no change in size, but only in a 


horizontal one. AB and CD were attached to the middle of EG and 
FH. EG=FH=44} cm. BO=EF=GH=28 cm. 

At a, b, ¢, d, e, f, g, h, t, & and 1 vertical glass tubes were inserted ; 
at m,n,o and p lateral tubes were affixed and bent upwards. Alto- 


gether then there are fifteen piezometers. The part of tube CD is 


much longer than indicated in the figure. The following Table gives 
the heights of pressure, which are measured from the upper side of the 
flat tube. 


PH. VII. 
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The relations of the heights of. pressure are here very remarkable. 
In every observation 6 is higher than a, the same phenomenon that 
we observed in the case of the round tubes at the passage from a narrower 
into a wider part. In the same way d is always higher than e. We 
see further that in the flat tube itself the heights of pressure have 
a peculiar proportion to each other. Of b, ¢ and d, of f, g and h, of 
t, k and J, the middle one is always the lowest, while p always stands 
the highest of all. Still more clearly than from the readings of these 
numbers do these differences of levels come out when we-look at the 
fifteen piezometers at the same time. 


c. On the constant flow of fluid through a curved non-elastic tube. 
Let us first consider the case in which the tube is everywhere of the 
same width and lies horizontal; then the relations of velocity and 
hydrodynamic pressure will be the same as in a straight tube, with this 
difference, however, that at the bends there is increased resistance in 
consequence of eddies arising there. 

In proportion as these bends are greater the resistance there will 
increase. If, in addition to this, widenings and narrowings occur, then 
what has been said in paragraph 6 is also applicable here. What is 
most important to us is the case in which the bends occur not only in a 
horizontal but also in a vertical or oblique direction, since the hydro- 
static pressure can then exercise a great influence on the pressure in the 
_ different parts of the tube. Let us them for simplicity’s sake consider the - 
case of a tube everywhere of the same width, of which the bends are 
not acute, and are in a vertical direction, and let vs disregard the eddies; 
we may then imagine the two following cases represented in figure 3 and 
figure 4. The parts of the tube AB and DE lie in the same horizontal 
plane, so also in the other case A,B, and C,D,, and at b, c and d, and 
at b,, c, and d, piezometers have been attached. 

If we make these tubes of solid india-rubber so that they are flexible, 
while the lumen, under the pressure to be applied, undergoes no change 
worth mentioning, then we may consider them as non-elastic tubes. 
Now if the parts BC and CD, and B.C, and C,D, are long we may by 
bending them, bring C or C, to different heights. Bends in an oblique 
direction do then indeed thereby occur, but, as we shall immediately see, 
this has no influence on the experiment, and we may thus provisionally 
_ take only the vertical bends into consideration. Experiment shews 
that the shifting of the heights of C and C, exercises no influence on 
_ the flow of the fluid in the tubes, on the velocity, or on the hydrodynamic 
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pressure. Upon the shifting of C and C, the levels in b and d, and in 
b, and d, do not change. The vertical distance from the level in ¢ or c, 
to B or B, also remains constant. It is only the distance from the level 
| Fic. 3. 
d 


A, B, ; Dy 
of c or c, to C or C, that changes; in other words, the pressure on the 
wall in C or C, changes with the transposition of C or C, but the hydro- 
dynamic pressure remains the same there. In the experiment which I 
made, ( was placed alternately above and below ABDE, so that both 
the above cases were comprised in one experiment, _ 
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The following Table exhibits the relations of the height of pressure. 
The level in the reservoir remained as constant as possible. 


VI. 


Heights of pressure in cm. 


b d 


Height of pres- | Height of pres- | Height of pres- | Height of pres- 

Number of | sure measured|sure measured| sure measured| sure measured 
observations |from the level| from the level | from thelevelto| from the level 
to the wall at B | to the wall at C | the wall at b=d/| to the wall at d 


2 141 13 91} 37 
3 140 134 91 37 
4 140 119 91 38 
5 140 43 914 38 


Hence it appears that the pressure measured from the wall at c 
varies according as C is shifted, yet remains constant when measured 
from the wall at 6 or d. The explanation is simple enough. When 
the fluid is at rest the atmospheric pressure alone will be exerted in 6b 
and d, or in 6, andd,. Inc, on the other hand, there is the atmospheric 
pressure plus the weight of a column of water equal to the vertical 
distance bc, and in c, the atmospheric pressure minus the weight of the 
column 6,c,. If the fluid now flows, the hydrodynamic pressure will then 
be added, in the same way as in paragraph b, where we have considered 
this subject in speaking of a wide part of a tube. 

If C be placed very low the sum of hydrostatic and hydrodynamic 
pressures at this point may be greater than at b, and if C be placed very 
high this sum may be smaller than at d. Thus we have here again two 
cases in which fluid flows from a place of lower to one of higher pressure ; 
in the first case from b to c, in the second from c,to d,. We find an’ 
example of the latter case in Table VI., Nos. 1 and 2. Both to the 
working of the reservoir and to the flow in the tube, it is thus quite 
indifferent as to what height C or C, is placed, if the bends, the lumen, 
and the length of the tube are not altered. There is of course a limit 
to the raising of C, with respect to the height of the column of water in 
the reservoir. If C, be placed so high that the height of the column of 
water in the vertical distance 6,c, is greater than the atmospheric 
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pressure, ‘then, if the water be at rest, Torricelli’s vacuum will 
ensue in c, (we of course suppose that the fluid does not. issue from 
the tube and bubbles of air take its place). The level in B,C, will 
stand at such a height, that the column of water from B to this 
level forms an equilibrium with the atmospheric pressure. Now, if 
the height of the column of water in the reservoir is less than the 
vertical distance from this level to c,, then this vacuum will remain, 
and the fluid will not flow over C,. Of course if the algebraic sum of 
hydrodynamic and hydrostatic pressure at c, be negative (that is less 
than the atmospheric pressure) no piezometer can be placed at c, 
because the air would enter the tube there. In this case we must 
apply an open or closed manometer, Finally it is clear that if either in 
its ascending or descending part the tube makes an oblique bend, we 
must, in order to measure the height of the column of fluid which is the 
measure of the hydrostatic pressure, always take the vertical distance 
between the two extreme points of the bend; in other words, we must 
measure the rectilinear distance between these two points and the angle 
which this line forms with a horizontal line, and multiply that rectilinear 
distance into the sine of the angle. The application of these matters 
to the vascular system is very interesting, as we shall see.- 
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d. On the constant flow of fluid through a branching 1 nondeiie tube. 
The influence of branching on the flow of fluid is, alas! but very little 
known, At every division eddies arise. As to the relative proportions 
of actual and potential energy we can draw few conclusions from 
the experiments made. Jacobson found that the angle at which the 
division occurs exercises an influence on the pressure “oheerved 3 in the 
branch. Moreover the lumen is, of course, of influence. The mode of - 
branching is generally such that the collective lumen of the branches is 
greater than the lumen of the main tube. The velocity in the branches 
will then be in proportion to the velocity in the main tube, the same 
as when a narrower part of a tube passes into a wider. 

To what extent in this case, however, 7’, will decrease, depends on 
special and still unknown resistances. The resistance in the branches 
themselves undoubtedly increases if, at least, the lumen of each branch in 
itself is smaller than that of the main tube, as is the case in the vascular 
system. As the branches here at last become extremely small, capillary 
in fact, the resistance increases enormously, The fluid issuing from 
the reservoir will thus have lost very much of its energy: by the time 
it has flowed through these capillary tubes. ? 
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In conclusion let it be here observed, that if a tube, whether with or 
without branches, narrowings, widenings, or bendings, returns to itself 
and the fluid flowing through it makes a circuit, the atmospheric 
pressure has no longer to be taken into consideration. 

A reservoir can no longer be used for a stream of this kind. We 
may in such a case provide for a flow of fluid in the tube by inserting in 
the tube a double suction pump with a system of valves. On the upper 
surface of the pistons there must be no atmospheric pressure; this we 
can effect by expelling the air from the suction-cylinders above the 
surface of the pistons. The fluid may then for a time be made to flow. 
continuously, by pressing at the same time one piston downwards, and 
- the other upwards, with a certain pressure. 


6. Oe the constant flow of fluid through an elastic tube. To this 
tube, whether everywhere of equal width or with narrowings, widenings, 
divisions, or bends, everything is applicable that has been said in 
the preceding paragraphs. We have but one observation to make in 
this case. Since the wall is elastic, the lumen of the tube will depend on 
the pressure which is exerted on that wall. Suppose that the atmo- 
_ spheric pressure is exerted on the external surface of the tube, that the 
tube opens free into the air, and that the fluid in the tube is not in 
motion, then the tube will in its different parts have a certain lumen, 
since the atmospheric pressure is exerted on both the inside and outside, 
and we may disregard the hydrostatic pressure. If some parts of the 
tube are rather wide, or if there are vertical or oblique bends, then this 
hydrostatic pressure will, of course, have to be taken in consideration, 
and will give a definite lumen to the tube at these parts. If the fluid 
now flows through the tube, the lumen will be increased by the hydro- 
dynamic pressure which thus arises, and in general will be most increased 
at those points where the hydrodynamic pressure is greatest. As the 
lumen at any point grows wider, the wall of the tube is stretched, and 
the dilatation will continue until the stretching has established an equi- 
librium with the hydrodynamic pressure at this point. The magnitude 
of the dilatation at any part will depend not only on the magnitude of 
the hydrodynamic pressure, but also on the coefficient of the elasticity 
of the wall at the part. 

When this equilibrium has once been established, the lumen 
remains constant, the flow of fluid is constant, and everything that has 
been said in paragraphs a, b, c, and d is applicable here. Only, while 
the tube is being dilated, a certain amount of energy wiil be employed, 
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pressure, ‘then, if the water be at rest, Torricelli’ s vacuum will 
ensue in c, (we of course suppose that the fluid does not. issue from 
the tube and bubbles of air take its place). The level in B.C, will © 
stand at such a height, that the column of water from B to this 

level forms an equilibrium with the atmospheric pressure. Now, if 
the height of the column of water in the reservoir is less than the — 
vertical distance from this level to c,, then this vacuum will remain, 


and the fluid will not flow over C,. Of course if the algebraic sum of 


hydrodynamic and hydrostatic pressure at c, be negative (that is less 
than the atmospheric pressure) no piezometer can be placed at c, 
because the air would enter the tube there. In this case we must 
apply an open or closed manometer, Finally it is clear that if either in 
its ascending or descending part the tube makes an oblique bend, we 
must, in order to measure the height of the column of fluid which is the 
measure of the hydrostatic pressure, always take the vertical distance 
between the two extreme points of the bend; in other words, we must 
measure the rectilinear distance between these two points and the angle 
which this line forms with a horizontal line, and multiply that rectilinear 
distance into the sine of the angle. The application of these matters 
to the vascular system is very interesting, as we shall see. 


_ d. On the constant flow of fluid through a branching non-elastic tube. 
The influence of branching on the flow of fluid is, alas! but very little 


known, At every division eddies arise. As to the relative proportions 


of actual and potential energy we can draw few conclusions from 
the experiments made. Jacobson found that the angle at which the 
division occurs exercises an influence on the pressure observed in the 
branch. Moreover the lumen is, of course, of influence. The mode of 
branching is generally such that the collective lumen of the branches is 
greater than the lumen of the main tube. The velocity in the branches 
will then be in proportion to the velocity in the main tube, the same 
as when a narrower part of a tube passes into a wider. 

To what extent in this case, however, 7’, will decrease, depends on 
special and still unknown resistances. The resistance in the branches 
themselves undoubtedly increases if, at least, the lumen of each branch in 
itself is smaller than that of the main tube, as is the case in the vascular 
system. As the branches here at last become extremely small, capillary 
in fact, the resistance increases enormously, The fiuid issuing from — 
the reservoir will thus have lost very much of its Saray by the time 
it has flowed ore these capillary tubes, : 
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In conclusion let it be here observed, that if a tube, whether with or 
without branches, narrowings, widenings, or bendings, returns to itself 
and the fluid flowing through it makes a circuit, the atmospheric 
pressure has no longer to be taken into consideration. 

A reservoir can no longer be used for a stream of this kind. We 
may in such a case provide for a flow of fluid in the tube by inserting in 
the tube a double suction pump with a system of valves. On the upper 
surface of the pistons there must be no atmospheric pressure; this we 
_ ean effect. by expelling the air from the suction-cylinders above the 
surface of the pistons. The fluid may then for a time be made to flow. 
continuously, by pressing at the same time one piston downwards, and 
- the other upwards, with a certain pressure. 


—@. On the constant flow of fluid through an elastic tube. To this 
tube, whether everywhere of equal width or with narrowings, widenings, 
divisions, or bends, everything is applicable that has been said in 
the preceding paragraphs. We have but one observation to make in 
this case. Since the wall is elastic, the lumen of the tube will depend on 
the pressure which is exerted on that wall. Suppose that the atmo- 
spheric pressure is exerted on the external surface of the tube, that the 
tube opens free into the air, and that the fluid in the tube is not in 
motion, then the tube will in its different parts have a certain lumen, 
since the atmospheric pressure is exerted on both the inside and outside, 
and we may disregard the hydrostatic pressure. If some parts of the 
tube are rather wide, or if there are vertical or oblique bends, then this 
hydrostatic pressure will, of course, have to be taken in consideration, 
and will give a definite lumen to the tube at these parts. If the fluid 
now flows through the tube, the lumen will be increased by the hydro- 
dynamic pressure which thus arises, and in general will be most increased 
at those points where the hydrodynamic pressure is greatest. As the 
lumen at any point grows wider, the wall of the tube is stretched, and | 
the dilatation will continue until the stretching has established an equi- — 
librium with the hydrodynamic pressure at this point. The magnitude 
of the dilatation at any part will depend not only on the magnitude of 
the hydrodynamic pressure, but also on the coefficient of the elasticity 
of the wall at the part. ~ | 
- “When this equilibrium has once been established, the lumen 
remains constant, the flow of fluid is constant, and everything that has 
been said in paragraphs a, b, c, and d is applicable here. Only, while 
the tube is being dilated, a certain amount of energy wiil be employed, 
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and this will be detained in the wall as potential energy. The velocity 


“in the different parts of the tube will, of course, not become constant — 


until the lumen has become constant. The size of the lumen is hence 
in this case of great importance, and we must therefore know the 
conditions on which the lumen depends. These are three: Ist, the 
external pressure on the wall of the tube; 2nd, the total internal 
pressure on the wall; 3rd, the coefficient of elasticity of the wall. 

At the close of this discussion of the constant flow of fluid, in 
which we have always caused the fluid to flow from a reservoir of 
constant height, I have still to observe that all that has been said will 
apply also to the cases where the fluid flows through the tube under 
the influence of constant suction. Mechanically considered, there is no 
difference between the force of suction and of pressure. We must 
consider the force of suction as a negative force of pressure. The 
potential energy will in these cases be present in the tube not as higher 
but, on the contrary, as lower tension; it may, when it is diminished 
to a greater extent than the hydrostatic pressure is increased, even 
become negative, i.e. lower than the tension of fluid subject to the 
influence of the atmospheric pressure only. The fluid will then be 
rarefied, though it may be but slightly. We generally express this b 
saying that there is a negative pressure in the fluid. | 


Ff. On the flow of fluid through a non-elastic tube, under the influence 
of a force acting rhythmically. We may suppose the fluid to flow 
from a reservoir through a tube, while at the origin of the tube 
there is a cock, which is suddenly opened at regular intervals, always 
kept open the same length of time, and then suddenly closed again. 
During the time it is open, everything that has been said of non-elastic 
tubes in paragraphs a, b, c and d is applicable here also, After the 
sudden closing, the fluid will keep moving under the influence of the 
energy existing in it; beyond the cock a vacuum will arise, the fluid 
will after a while come to rest, and then move in an opposite direction, 
that is towards the cock. We will disregard this last phenomenon 
by supposing that the pause between each closing and the next opening 
of the cock is always just so long that the energy in the fluid which 
proceeds from the preceding opening of the cock has been totally con- 
sumed ; in other words, that the fluid has again been brought to rest.. 
Velocity and pressure in the fluid during the time the cock is open 
will be the same as if the cock were always open. The quantity of 
fluid which in this interval flows through will depend on the time 
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during which the cock is open: let us suppose the time to be ¢ 
seconds. The quantity then flowing through in one minute will depend 
on the number of times the cock is opened in a minute; suppose n 
times. If now during every interval that the cock is open Q fluid flows 
through, then in one minute nQ fluid will flow through the tube. If 
the cock is opened 2n times, this quantity will be 2nQ. In both cases 
the velocity and pressure will be quite the same, since we have supposed 
that the influence of a preceding opening of the cock has already totally 
disappeared at the next opening. The mean pressure, however, which 
the tube experiences during one minute will depend on the number 
of times the cock is opened. On the cock being opened n times, 
the tube experiences this pressure n times a minute, and on its being 
opened 2n times, this same pressure will be felt on the wall of the — 
tube 2n times a minute. We may thus speak of a mean pressure 
as we speak of a mean velocity of the fluid. Both these will then 
vary with the number of times the cock is opened. 


g. On the flow of fluid through an elastic tube under the influence of 
a force acting rhythmically. What has been said in paragraph f applies 
only so long as the wall of the tube is not elastic; if it is really elastic 
the conditions are changed. If as before the elastic tube is attached 
to a reservoir and there is a cock at the origin of the tube, then 
the fluid will as before flow through when the cock is opened. If the 
cock remains open then what has been said in paragraph e is appli- 
cable. 

Before, however, this stationary condition has occurred, waves have 
arisen in the tube. After the sudden closing of the cock, the fluid 
moves on under the influence of the energy it has acquired, while that 
part of the energy which was detained as tension in the wall of the 
tube now contributes to the movement of the fluid, and thus gives 
rise to waves, I will not notice the waves which arise from the mere 
opening and the closing of the cock, because I wish to confine myself — 
to the movement of the stream. 

- If as before the cock be open ¢ seconds, then a certain quantity of 
fluid will flow through the tube. This quantity is not quite equal’ to 
that which during the same interval has flowed through the cock. If the 
cock be opened, and the fluid begins to flow through the tube, the latter 
will be distended by the hydrodynamic pressure, in the same way as is 
described in paragraph e. This increased lumen of the tube must be 
filled with fluid, and this quantity of fluid will be detained in the tube ; 
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in other words, the capacity of the tube will be increased. After the 
closing of the cock the fluid thus detained will flow out again, until the 
tube returns to its previous condition, and regains the capacity which it 
had before the cock was opened. Thus, if the cock is open ¢ seconds, 
and if in this interval Q fluid flows through the cock, then there will 
flow out from the tube Q—M; MM being the quantity of fluid detained, 
and thus serving to denote the increase in the capacity of the 
tube. This quantity M flows from the tube after the cock has been 
closed. | 
Immediately after the cock has been opened, the velocity of the 
flowing fluid will in any part of the tube be less than if the tube 
were non-elastic. In proportion as the tube becomes wider the coef- 
ficient of elasticity of the wall of the tube increases, the velocity at the 
widening decreases, and the velocity of the flowing fluid continually 
approaches that which it ultimately reaches when the stream has 
become constant. 
The quantity of fluid which in one minute flows through the tube 
will depend on a variety of circumstances. Let us suppose that the 
cock is opened n times a minute, and that after each opening of the 
cock the tube again returns to its state of rest, then nQ fluid will 
flow out through the mouth of the tube in one minute. In the pause 
which occurs before the cock is opened for a second time, there will 
always be an opportunity for the fluid MW which has been detained 
in the tube to flow out. This flowing out of M will require a certain 
time, and thus, to obtain the result just described, the pause between 
every two openings of the cock must be greater than, or at least equal 
to, the time required for M to flow out. If the number of times the 
cock is opened every minute becomes greater, while the time during — 
which it is open remains the same, namely ¢ seconds, then the cock 
will at last be opened at a moment at which the quantity M has not 
yet entirely flowed out; in other words, the tube will contain a certain 
quantity of fluid resulting from the previous opening of the cock. Hence, 
at this moment, there will be a certain tension of the wall of the tube. 
The fluid flowing through the cock will thus find a wider tube, but at 
the same time one the wall of which is in a state of distension. The 
coefficient: of elasticity of the wall of the tube will at this moment be 
higher than when the wall is in the state of repose. The hydrodynamic 
pressure of the flowing fluid will occasion a smaller distension of this 
already dilated tube than when the fluid found the tube in the state of 
rest. The increase of the capacity of the tube will now therefore not 
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be so great, and hence the quantity of fluid detained will be less than 
when the cock was previously opened. If the quantity of fluid detained 


be smaller, the quantity which flows out must be greater, from which it 


follows ‘that the velocity has increased, if we disregard for a moment 
the increase of 

Suppose the fluid be at rest. The cock is opened for the first time. 
Q flows through the cock and M is detained; thus Q—M escapes 
through the tube. The cock is closed. M strives to flow through, but 
before M has wholly escaped, the cock is again opened. During this 
pause only N has flowed out instead of M. Thus M—WN has been 
detained in the tube. Disregarding now a slight alteration in the 
quantity Q, which for the second time flows through the cock, Q will 
again. flow through the cock. The tube is again dilated by the hydro- 
dynamic pressure, and increases in capacity; but as the wall is still 
in a distended state, and has a higher coefficient of elasticity than when 
the cock was opened for the first time, the increase in the capacity of 
the tube will not be M, but M, and M, will be< M. The increase in 
capacity, in terms of that of the state of rest, will now be M—-NV + WM. 
In the next pause a certain quantity of fluid will flow out, viz. V,, thus 
M-N+M,-N, is detained. If the cock be opened for the third time, 
then an increase of capacity A/, will take place, and in the next pause NV, 
will flow out. Before opening the cock for the fourth time, the increase 
in the capacity of the tube, in terms of that of the state of rest, will be 
Here Mis>N, M>N,, M,>N,; in other 
words, the capacity of the tube constantly increases, and this will last 
until J/,=N,, that is to say, until the increase of capacity during the 
time the cock is open has become equal to the decrease during the 
ensuing pause, so that the quantity of fluid detained while the cock 
is open flows out again during the pause. In proportion as the number 
of times the cock is opened every minute is increased, the pauses 
between every two openings of the cock will diminish, and thus there 
will be less time left for NV to flow out. The cock, in this case, will 
have ‘tobe opened a greater number of times before the condition has 
arisen in which MM, =; the number of terms of (M + M, + M,+...) 
—(N+N,+N,+...), which represents the entire increase of the 
capacity of the tube will thus be greater. 

Suppose now that the state of equilibrium has been bade about, 
that M, has become equal to V,, and that at every opening of the 
cock @ again flows through, the cock being opened n times a minute; 
then in each minute: nQ will: flow through every section of the tube. The 
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mean velocity reckoned per second at a point # of the tube will then be’ 
~ 60 Tx 
_ We can now consider the fluid as flowing constantly with this mean 
velocity. The reservoir in this case has an actual height H, and if the 
cock were always open, a certain quantity of fluid A would in the unit of 


time flow through, and A would be greater than -. In order now, 


that this last quantity might flow constantly deat the cock, the 
reservoir would require a height H, where H, is< H. The fluid, which 
flowing from a reservoir of the height H, acquires a certain mean velocity 
when the cock is opened n times a minute, may be considered to flow 
constantly through the same tube with the above mean velocity from a 
reservoir of the height H,. 

The total energy of the mass of fluid m must also be considered 
with respect to this height of pressure H,. If the cock were always 
: open, this energy at the beginning of the tube, Zo, might be expressed 
by mgH; in the present case, however, it is mgH,. In the same way 
T,, somewhere in the course of the tube, must be calculated with respect 
to H,. Thus the hydrodynamic pressure 


P,= T, mv,’ = T, 4m 


P, is thus, as we generally express it, the mean hydrodynamic pressure. 

This P, establishes an exact equilibrium with the tension in the 
wall of the tube, which since the first times of opening of the cock has 
gradually arisen. As we have just seen, upon the distension of the wall, 
the tension has arisen from the very first opening of the cock until M, 
has become equal to V,. A certain quantity of energy has been used 
to produce this tension. Potential energy has thus been accumulated in 
the wall, and the possibility of this taking place is afforded by the fact 
that so long as Mis not equal to NV a certain quantity of fluid is detained. 
No energy is of course expended in merely retaining this fluid in the 
tube, and there must therefore be an accumulation. The energy. thus 
accumulated is the energy of the fluid mass (M+ M + M,+... M,_,) 
—(N+N,+N,+...Ny_,). The fluid mass m flowing from the opening 
of the cock has an energy =mgH,. The above-mentioned accumulated 
energy is thus represented by [(/ + M, + M, +... My.) -(N+™ 


1 IT hardly need observe, that r, is the mean radius of the widening and the narrowing 
which the tube at this point undergoes by the detention of M, and the escape of N,. 
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+ N,+-.-Nna)] g Hy This energy is present wholly as potential energy, 
as Lenskots in the wall of the tube; but, as appears from what has 
preceded, is not equally distributed over the whole tube. Where the 
_ hydrodynamic pressure increases, as the fluid is being accumulated in 
the tube, more energy is accumulated in the wall of the tube. 

Considered in this way, we now obtain the exact meaning of P,. It 
is the potential energy (manifesting itself as hydrodynamic pressure) of 
a fluid mass m, which, under the influence of a reservoir at the height 
H, flows through an elastic tube while the cock is opened n times a 
minute (which is equivalent to the influence of the reservoir at the 
height H,, if the cock always remains open), while the dilated state of 
the tube owing to the accumulation of the fluid mass 


(M+ M, + M, +... M,_,)-(N +N, +N, +... N,_,) 


must be considered as the quiescent state of the tube with respect to 
the flowing fluid mass. The pause between each two openings of the 
cock is just sufficient to cause the tube every “time to return to this 
quiescent state. We have thus obtained the same conditions as those 
which were discussed at the outset of this paragraph, where the pause 
after every opening of the cock was so long that the influence of the 
preceding opening had totally disappeared, and the tube had therefore 
returned to the state of rest ; only with this difference, that the quiescent 
state of the tube is different from what it was then, in as much as this — 
quiescent state is the dilated state resulting from the accumulation of 
the above-mentioned fluid mass, and the wall has also a higher coeffi- 
cient of elasticity. If the quantity of fluid which flows through, when 
the cock is open, be Q, then M, accumulates every time, and thus Q— M, 
flows out of the tube. This M, being equal to N,, is conveyed out of 
the tube during every pause. 

When this M, has once become equivalent to N,, no more energy 
accumulates, for the quantity of energy, which by the detention of M, 
has accumulated while the cock is open, is in the pause again used for 
N, to flow out. As soon as M,=WN,, the whole energy 7’ of the fluid 
mass m, is used for the current ; and thus we may here apply all that 
has been said concerning the constant flow of si but we must suppose 
the height of the reservoir to be H.. 

Now suppose the number of times the cock is sah every minute to 
be doubled, becoming thus 2n. We again disregard the slight alteration 
in the quantity of fluid flowing through the cock, and we therefore 
continue to eall this quantity Q. Ifthe state of equilibrium has again 
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arisen, then 2nQ fluid will every minute flow through every section of the 
tube, In this state of equilibrium, the tension of the wall of the tube 
is of course greater than when the cock is opened n times a minute. To 
prove this we have only to apply the same argument we have just used. 
If 2nQ fluid flows through every minute, rea reckoned per seconds’, 
= and thus P, =T,- 

We can therefore, in all these cases, consider the current of fluid as 
constant, with a mean velocity and a mean hydrodynamic pressure. 
The distended wall is, as it were, the piezometer for the flow of fluid. 
This distension has hence no influence on the flow itself, if the state of — 
equilibrium has been established. It is only the greater lumen of the 
tube which has any bearing on the stream. Leaving aside the com- 
paratively small difference between r, and r,, it follows from the above 
formulae, and those previously mentioned, that v, > v, The velocity 
has thus increased with the increased number of times the cock has 
been opened, and if we suppose Ty=Tz then the velocity has been 


vy, will be something smaller than 2v, The differsnes between v, and 
2v, will be so much greater as the lumen of the tube has the more 
increased. | | 3 

Now, in order that ae may flow through every second, if we again 
consider the current to be constant, the height in the reservoir must 
be H,, H, being greater than the H, we have previously considered. 
Owing to this, 7', will also have a value other than the 7, previously con- 
sidered, and 7’, will be greater than 7',. Only when we can accurately 
express 7’, and 7’, in formulae, which will not be possible until we know 
accurately the influence of the different resistances in the tube, shall we 
know the proportions between P, and P,. Thus, if the number of 
times the cock is opened increases, we must consider the supposed 


_ constant flow of fluid to be under the influence of -a greater height of 
pressure in the reservoir. Though we do not know the value of Py, _ 


and P,, unquestionably P, will be greater than P,, as every experiment 
will prove. Hence it iollciws, that velocity and hydrody namic = 
will increase with the number of times the cock is opened. ~ 

Moreover, if we take the hydrostatic pressure into account, and if we 


1 In these formulae y has no definite value, It only indicates on the cock’s being 
opened 2n times a minute, the same point in the tube, that 2 does on its being opened n 
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call the potential energy occasioned by it in any part of the tube, Z,, 
then the total potential energy of the fluid mass m (which will be totally 
manifest in a piezometer) is D,, which is equal to the algebraic sum 

We have seen above on what the lumen of the elastic tube depends. 
If we suppose the pressure on the outside of the wall to be equal to the 
atmospheric pressure, we can then briefly express the dependence of the 
lumen by R,=F [E,, (Pz-+Z,)|. We have further seen in the course 
of our divotanioos that P, depends on the lumen of the tube; thus we 
_ may say P,=f(R,). E, also depends on the distension of the ‘will, and 
therefore E,=¢(R,)'. The great difficulty in tracing experimentally 
the nature of the dependence, lies just in the reciprocal screens of 
the different factors, as appears from these formulae. 

- When by means of a manometer, affixed laterally to an elastic tube 
through which fluid flows, we determine the pressure, we do not thereby 
determine the magnitude of the hydrodynamic pressure, but we obtain 
the expression of D,=P,+Z,. The manometer simply takes over the 
tension of the wall at the place to which it is applied. 

Having set forth this view, I wish to — to the relations of the 
circulation of the blood. © 


II. On blood-pressure. 


In most cases we do not employ the determination of blood-pressure 
in order merely to measure the absolute height of the blood-pressure, 
but in order that from the variations which we observe in the blood- 
pressure we may arrive at conclusions with respect to the definite 
relations of the circulation. Have we the right to do so? 

No one doubts that in the circulation of the blood we have to deal 
with relations analogous to those which are observed when a fluid flows 
through an elastic tube. If by means of a piezometer, or, as is usual in 
the vascular system, by means of a manometer we determine the 
pressure under which the blood stands, we determine the total pressure 
of fluid at that point, we determine D,; and we have just seen that 
this pressure depends on circumstances existing at the point a itself. 
Thus, when from what we observe in the blood-pressure we draw 
conclusions concerning the relations of the circulation in places other 


1 I must observe, that these formulae express than 
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than that in which we determine this pressure, we must satisfy ourselves, 
that the variation observed in the pressure is not occasioned by any 

- circumstance at the point itself and that the variation is produced from 
a variation in P,. 

We have now seen that D, = P,+Z,, and that P, depends on the 
lumen of the tube at the point ; and further that the lumen itself is 
dependent in a manner indicated by the formula R, = F[E,, (P,+ Z,)]. 
Thus the first requisite for arriving at a conclusion concerning definite 
relations of the circulation from variations in the pressure at the point 
x is, that (1) R,,.(2) #, and (3) Z, are constant. 

Let us see how far these conditions have been pee with in 
the usual method of determining the blood-pressure by the manometer 
of Ludwig’s Kymographion. We do not propose to discuss the 
determination of the pressure in the capillaries, since the pressure in 
them cannot be determined in this way. We have therefore to dwell 
only on determinations of pressure in arteries and veins. 

First condition: constant lumen. We generally connect the cannula 
of the manometer direct with the central end of an artery. We thus 
determine, as Donders observed, the pressure in the trunk from which 
this artery originates. That this may be true, the artery must have a 
strictly horizontal course, in other words the opening of the cannula must 
be in the same horizontal plane as the place in the trunk where the 
artery originates. (See further on.) Occasionally a T piece is used, by 
means of which the stream at the point of observation is not broken, and 
the pressure at the point itself is measured. 

In this latter case the lumen remains constant at the point where 
we determine the pressure, for it is the lumen of the metal T piece. In 
the former case this is not perfectly true. With every variation of pres- 
sure in the trunk and this is the pressure which we are determining, the 
lumen will there change and this must react on the pressure itself. Fortu- 

~ nately, however, this change in the lumen is extremely slight, because 
the coefficient of elasticity of the arterial wall is high. The very slight 
changes in the lumen, which arise from difference of pressure, will 
exercise an influence on the pressure at that point, so small in 
comparison with the variations of pressure themselves, that we may 
safely neglect it. Only in case of very low arterial pressure and 
hi thus of small tension of the wall, can this change in the lumen be of 
importance. | 
This factor is of more importance in the veins. Here the coeffici- 
ent of elasticity is much smaller, and the mean blood-pressure much 
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lower than in the arteries, and variations in pressure can thus give rise 
to important changes in lumen. We generally, however, in determina- 
tions of venous pressure, make use of a T piece, and in this case the 
difficulty is removed, because the lumen then remains constant. In 
the experiments I have still to speak of, I have generally used a T 
piece in the vein. I have occasionally applied the method which we 
generally use in the arteries, and bound the cannula in a lateral branch 
of a vein. Though this latter method is less accurate, yet it appears 
even with it, that, in the presence of the great variations in pressure we 
have to deal with, the inaccuracy occasioned by the varying lumen is. 
thrown into the background. | 

In determining small variations of pressure, however, this really. 
becomes of importance. Suddenly occurring small variations of pres- 
sure are always inaccurately indicated by the manometer. Properly 
speaking, every apparatus which we apply to determine the pressure of 
- fluid occasions some disturbance in the actual state of things; this is 
the case even with an absolutely constant stream, but still more so with 
a stream like that of the blood, which is constantly undergoing variations. 
Every time a rise of pressure is indicated by the piezometer or mano- 
meter, a certain quantity of blood flows into the apparatus, and thus 
from the blood-vessel; the reverse takes place when a fall in the 
pressure is indicated. This must, of course, influence the flow at that 
point. Yet, for the registration of the pressure of blood the manometer 
is, as yet, the best apparatus. The Tonometer described some time ago 
by Talma' labours under this defect, that the lumen at the point 
where the pressure is determined, is constantly varying. 

Second condition: £,, constant. What has been said of the first condi- 
tion is also applicable to this, because with every variation of lumen EL, 
also varies. Yet something else must be added, which has a special 
interest with respect to the veins. In determinations made with a T 
piece #, remains constant. If, however, in the jugular vein for instance, 
the pressure be determined by means of a lateral branch, and if the 
jugular vein at. this point be at first quite free, then by the subsequent. 
drying up of the outer coat of the vein, or by its becoming covered with 
blood-coagula from the wound, which then, as it were, form part of the 
coats, and especially if these coagula are dried up, the condition of the 
coats and with it #, will be altered. . 

Third condition: Z, constant: This is a very important factor. 
Z, Will, of course, remain constant if the animal remains in the same — 

1Talma. Pfliiger’s Arch, Bd. 
PH, VIL. 12 
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position. On a change of position Z, may change, and a variation 
observable in the manometer will therefore be no measure of a 
variation in P, Moreover, the opening of the cannula into the blood- 
vessel must remain at the same height during the whole determination. 


(See later on the influence of gravity on P,.) 


If however we take these conditions into consideration, we have in the 
manometer an apparatus from whose variations we may draw conclusions 
concerning variationsin P,. What conclusions can we then draw as to the 
circulation of the blood, when we have thus come to a conclusion that 
P,, varies ? | 

For this purpose it is necessary to gain an accurate representation of | 
the circulation with respect to what we have said in Part I. 

The blood flows from the action of the cardiac muscle. Whereas, in 
Part I, the pressure of the water-column in the reservoir is the force 
which propels the fluid, here it is the pressure exerted on the blood in 
the heart by the contraction of the cardiac muscle. The cardiac muscle 
contracts rhythmically. We may consider the force of the contraction as 
remaining constant during the systole, and should this not be really the 
case, we have then to consider what is the mean of the force exerted 
during the whole systole. During the systole, the blood flows from the 
heart in the same way as from a reservoir of a constant height during 
the time the cock is open. We may now suppose that the systole is 
always of the same duration, just as we previously did with respect to 
the cock being open, for instance ¢ seconds. The quantity that flows 
through while the cock is open, and which we have called Q, is hence 
now the quantity of blood which the ventricle contains. The number 
of times the cock was opened every minute, which we called n, is 
now the number of contractions per minute. Thus nQ blood flows 
every minute through the arterial orifice. The pressure to which the 
blood, in the ventricle is subjected during the systole is not to be 
considered as the pressure under the influence of which the blood flows. 
For just as in the case of the reservoir when the cock was opened a 
certain number of times, so here too we have to deal with a reduced 
height of pressure H,, which is smaller than the real pressure prevailing 
in the ventricle during the systole, The blood, moreover, flows through 
a repeatedly branching elastic tube the collective lumen of the divisions 


of which constantly increases, while the lumen of each division becomes 


at last extremely small, capillary in fact. The resistances therefore 


greatly increase in the course of the tube. At last the blood returns to 
the heart. There is thus a pure circular flow. | 
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The blood is nowhere in contact with the atmosphere, nowhere 
does the atmospheric pressure éxercise any direct influence on the blood 
itself. In determining the blood-pressure we see that the manometer 
generally indicates a certain pressure higher than that of the atmo- 
sphere. (In stating the height of the blood-pressure we do not generally 
add the atmospheric pressure.) This is intelligible when we remember 
that the wall of the elastic tube (the blood-vessels) which in many places 
is very thin, stands under an external pressure, which is almost every- 
where equal at least to the atmospheric pressure, and that the pressure 
which is exerted on the outer surface of the heart is only a few mm. 
_ Hg \ess than the atmospheric pressure. 

We will now at first disregard Z, (the hydrostatic pressure), and 
consider that the blood all flows in a horizontal direction. This is 
nearly always the case when we determine the pressure of blood in an 
animal lying on its back. We shall presently return to this subject. 

Just as in the elastic tube attached to the reservoir, so in the blood- 
vessels we have to deal with velocity and hydrodynamic pressure. On 
the proportions of the two in the different parts of the vascular system 
I shall not here expatiate. Seeing that everything that we laid down 
in paragraph g is applicable here, we cannot indicate the velocity and 
hydrodynamic pressure until we have obtained an accurate knowledge 
of the magnitude of the muscular force of the heart, the dimension of 
the tube in all its parts, the number of ramifications, and the angles 
at which they occur, the magnitude and variations of the coefficient 
of elasticity in the different parts of the tube, and, last but not least, 
the extent of the different resistances in the different parts of the 
tube. 

Thus we may consider, as in paragraph g, the blood-current as constant 
at n heart-beats a minute. Under what conditions will this remain so ? 
Suppose the blood to be at rest. The heart begins to work. At every 
systole Q blood is pumped into the arteries. On applying the argu- 
ments of paragraph g, it follows that the capacity of the blood-vessels will 
constantly increase until M, becomes equal to N,, that is, if we for the 
moment think of the arteries only, until the quantity of blood pumped 
into the arteries during the systole, again flows into the capillaries. 
during the succeeding pause of the cardiac action. As soon as this state 
of things has been reached, a condition of equilibrium has been estab- 
lished, in which the greatest quantity of blood has accumulated at those 
points where the hydrodynamic pressure has given rise to the greatest 
- distension. In this state of equilibrium nQ blood will flow through every 
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section of the arterial system in a minute, and seeing that the blood 
again flows back to the heart through the capillaries and veins, nQ must 
also flow through every section of the whole system per minute. 
Proceeding from this principle, the explanation of the phenomena — 
observed in every disturbance of this state of equilibrium, follows as 
a matter of course. The mean velocity in every section of the vas- 


cular system may be easily calculated. It is U = oo (reckoned 


per seconds); 7, is the sum of the radii of the blood-vessels which at 
the point « compose the area of the blood-vessels. P, cannot be cal- 
culated, since we cannot calculate 7. It is to be found by experiment 
only. 

Now we find the hydrodynamic pressure P, to be greater in the 
arteries than in the veins. This is, of course, not the cause of the 
flow of blood from arteries to veins. The real cause why the blood 
flows in this way is, that 7’, is greater in the arteries than in the veins. 
In general we have, under normal circumstances, no sudden widenings 
in the vascular system, and we shall therefore nearly always find the 
hydrodynamic pressure at any given point greater than that at a point 
somewhat more remote in the direction of the stream. In a wide — 


cylindrical or spindle-shaped aneurism it may, however, very well occur 


that the pressure is higher there than in the vessel which conveys the 


blood to it, 


It is not clear to me what sort of idea Cohnheim forms of the blood- 
current, when he says’: “denn es ist ja unzweifelhaft richtig, dass 
besonders bei den umschriebenen aneurysmatischen Erweiterungen des 
ganzen Aortenumfangs ein Theil der Triebkraft, mit der das Blut 
vorwarts bewegt wird, dazu verwendet werden muss, die Bluttheilchen 
von einander zu reissen, d. i. die innere Cohision der Blutfliissigkeit zu 
iiberwinden, was bekanntlich bei der Fortbewegung in parallelen 
Linien, also in einer Réhre von unveraindertem Lumen, mit dem 
geringsten Kraftaufwand geschieht.” The elastic wall of the blood- 
vessels is of great importance to the blood-current, because by this 
means the shock which the fluid in a non-elastic tube, and thus the 
wall itself, would experience, is very much diminished. Owing to this 
the blood-current really acquires more the character of a constant stream. 
Moreover the lumen of thé tube becomes wider under the influence of 
the hydrodynamic pressure, and a wider tube offers less resistance. The 


1 Cohnheim. Vorlesungen iiber allgemeine Pathologie. 2te Aufl. Th. 1. -p. 94. 
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elastic wall in. itself, however, has no bearing on this resistance nor, 
disregarding the shock, is it important to the cardiac action. If we 
imagine the tube to possess a non-elastic wall and yet to be made per- 
manently as wide as, when elastic, it becomes under the influence of 
the hydrodynamic pressure, the heart would have to do the same 
amount of work in order to pump the same quantity of fluid through it, 
as through the elastic distended tube. The tube being of the same 
width nQ fluid will flow through every minute in both cases; and in 
order to effect this the same amount of energy is required. The 
elastic wall acts with respect to each contraction of the heart in the 
same way as does an elastic band between a horse and a waggon. Here 
too the shocks are diminished, but the horse must expend as much 
labour to draw the waggon —_ the same distance, with an elastic band 
as without one. 

When Cohnheim, at page 95 of the work just mentioned, discusses 

the influence on the blood-current of the loss of elasticity in the wall he 
says: “ Was aber dieser Elasticitiatsverlust fiir die Circulation bedeutet, 
liegt auf der Hand: es kommt der ganze Antheil mehr oder weniger in © 
Wegfall, welchen die Elasticitaét der Arterienwand an der Vorwartsbe- 
wegung des Blutes hat.” 
_ This “ganze Antheil” is certainly not great, for in the state of equi- 
librium of the blood-current it is nothing. The “ Vorwirtsbewegung” 
of the blood is caused entirely and solely by the action of the heart ; and 
whether a certain amount of energy is detained for a moment inthe 
wall during the.systole of the heart, in order to be afterwards used, or 
_ whether the same amount of energy is exerted immediately on the fluid, 
is quite a matter of indifference to the “ Vorwartsbewegung”. If, owing 
to morbid states, the elasticity of the coats of the vessel is diminished, 
the resistance becomes greater, because the lumen of the vessel at every 
systole of the heart cannot increase so much and the mean diameter 
of the vessel thus becomes smaller. In addition to this the lining 
generally becomes much rougher, which will give rise to still greater 
resistance, because there arise all kinds of irregular collisions of the 
particles of the fluid against these roughnesses. 

With respect to the blood-current another factor comes into conside- 
ration. The heart works, not merely as a forcing-pump during its 
systole, but also as a suction-pump during its diastole’; and just 
as the effects of the action of forcing are to be best observed in the 


1§.deJager. Pfliger’s Arch. Bd. xxx. p. 491. 
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arteries, so are those of the action of suction in the veins. Here we may 
apply the observations previously made at the close of paragraph e. The 
suction may be considered as negative pressure on the current, and the 
hydrodynamic pressure in the tube can thereby become negative. If 
then we consider the pressure in the veins, especially in those which lie 
nearest to the heart, we find it to be the algebraic sum of the hydrody- 
namic pressure resulting from the energy imparted to the fluid by the 
systole of the heart, and of that resulting from the energy caused by 
the diastolic aspiration. The latter will be negative, (with respect to the 
atmospheric pressure), and it therefore depends on the respective 
magnitude of each whether the sum will be positive or negative. 

The blood, it is true, makes a complete circuit, and the atmospheric 
pressure is nowhere directly exerted upon it; but, as I have already 
observed, it must really be taken into account with respect to the blood- 
pressure, especially since the heart during ‘its diastole must overcome 
the pressure working on its outer surface. When the thorax is closed 
this pressure is the atmospheric pressure minus the elastic action. of 
the lungs: when the thorax is open it is the full atmospheric pressure. 
Hence if it were the blood coming from the veins which had to bring 
the heart into a diastolic state, it would have to overcome this pressure. 
But as I have already said, the heart also works as a suction-pump, 
and we can really show negative pressure during the diastole, at the 
end of the venous system, viz. in the auricles, even when the thorax is 
open, 

_ That it is so difficult to indicate this negative pressure in the veins — 
themselves, at a certain distance from the heart, is sufficiently obvious 
from what has been said above. In the article I have referred to above, 
I discussed these subjects at greater length, and I shall presently return 

to them. 

While speaking of this action of the heart, it may not be superfluous 
to make an observation on the manner in which Hermann in his text- 
book’, which in other respects is excellent and therefore generally used, 
tries to represent this action. At page 48 we find given as a scheme, for 
the action of the heart, a force- and suction-pump with a double piston. 
By the working of this instrument a constant current may be set up 
in the tube conveying the fluid, but the objection to this instrument 
is, that it is not possible to have a pause corresponding to the pause of 
the cardiac action. In the heart-pause every compartment of the heart 


1L,Hermann. Kurzes Lehrbuch der Physiologie. 1882. 7te Aufl. 
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is in a diastolic state; with this pumping-apparatus it is not possible 
for both pistons to stand at the maximum height at the same time. 
The current in the veins near the heart is then in reality not constant. 
During every heart-pause an accumulation of blood in the veins really — 
occurs, hence during this period a storage takes place. We also per- 
ceive variations in the pressure in the jugular vein synchronous with the 
heart-beats, when we register that pressure by means of a manometer. 

Disturbances in the above mentioned state of equilibrium of the 
blood-current may arise under different circumstances: viz. if any change 
occurs, Ist in Q, 2nd in n, 3rd in the force of the systole, or 4th in the 
resistance somewhere in the vascular system. We will first discuss these 
effects on the arterial blood-pressure, considering the veins simply as” 
conducting tubes. — 

Ist. If @ increases nQ will become greater, and thus v, too. If a 
greater quantity of blood flows through per minute, the height of 
pressure which we have taken as H.,, (in the heart) must be considered 
as greater, and thus P, will also increase with v, This is possible if 
the force of the contraction of the heart increases at the same time; 
and in this case the energy imparted to the fluid mass m will be greater, 
and with it v, and P,. It is also possible if the time ¢, necessary for 
the blood to flow out into the origin of the arteries, increases with the 
increase of Q. If n remains the same, then the pause between two . 
contractions of the heart will become smaller, and thus there will be 
less time for V,=M, to escape from the arteries. The number of 
terms of the series (M+M,+M,+......)-(N+N,+N,+......) will 
thus increase, i.e. the capacity of the arteries will increase, and thus also 
the tension in the wall. As follows from what has been said in 
paragraph g, the height of pressure H,, and with it v, and J, will 
become greater when ¢ becomes greater, the force of the systole 
remaining the same. Thus with the increase of the quantity of blood 
which the heart transmits at each systole, velocity, hydrodynamic pres- 
sure, tension in the wall, and capacity of the arteries become greater. 

2nd. If n, the number of heart-beats per minute, becomes greater, 
nQ will also become greater and with it the height of pressure H.. 
The result is thus the same as in 1. | 

8rd. If the force of the contraction of the heart increases, this is the 
- game as saying that the real height of pressure in the reservoir, and 
therefore also the ‘reduced’ height H,, increases. This will be of effect 
only when Q at the same time increases with it, and in this case what 
has been said in 1 is applicable. 
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4th, If anywhere in the vascular system the resistance becomes 
greater, then, with the same action of the heart, less fluid will flow 
through the point of increased resistance. Seeing that the quantity of 
fluid flowing through every section in the unit of time must always be 
the same, this quantity will decrease. in every other point of the 
vascular system, nQ will everywhere become smaller. In order that the 
state of equilibrium may be recstablished nQ must decrease, the action 
of the heart, and thus also H, remaining the same; or, in order that nQ 
may flow through the point of increased resistance, n or Q or the force of. 
the systole must increase. Since the heart does not work, in normal - 
circumstances, with its maximum force, it is possible for the last-men- 
tioned change to take place. The effects for v, and P, in this case 
are like those described in 1, 2 and 3. 

If the equilibrium i is reestablished by a decrease of nQ, the action of — 
the heart remaining the same, then neither n nor ¢ must decrease, for 
H, would thereby decrease. But n and ¢ and the force of the systole 
remaining the same, then Q must decrease. If nQ becomes smaller, © 
vz also becomes smaller, and since H,, and thus the quantity of 
energy imparted to the mass m remains the same; more will be left 
for P,=T,—4mv,;. The hydrodynamic pressure at a point between 
the heart and the point of increased resistance will thus increase, 
while the force of the systole remains the same. I wish especially 
to point out that this increased hydrodynamic pressure does not all 
contribute to restore the state of equilibrium. In order clearly to 
prove this let us take a reservoir with a constant height from which 
fluid flows constantly through an elastic tube of uniform width. If 
A fluid flows through in the unit of time, then if by compression 
we narrow the tube at any place, the resistance at that place will 
become greater, and the quantity of fluid now flowing through will 
become smaller than A. With the decrease of A, v, also decreases. © 
Seeing that the height in the reservoir remains the same, the fluid 
mass m will flow into the tube with the same energy, whether there 
is any narrowing or not; but since, owing to the part of the tube 
having been narrowed, vz, and thus 4 mv,’, has become smaller, more 
will remain for the potential energy P,=T7,— 4 mv,’ between the 
reservoir and the part narrowed. Everywhere between the reservoir 
and the part narrowed, m will possess a greater potential energy, and 
thus the hydrodynamic pressure will be greater. 

Beyond the place narrowed the state of things is different. The 
mass m will approach the narrowing with greater energy than it would 
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possess, if there were no narrowing, but on its passing through the 
natrowed part, much energy will be lost. 7' will hence largely diminish; 
and, though at a point y beyond the narrowing the velocity v,, and with 
it also 4 mv,’, will be smaller than when there was no narrowing, yet 
there will remain less for P,, since 7, is so much smaller. If we call 
the point where we have effected a narrowing B, the hydrodynamic 
pressure in front of B will have increased, and that beyond B decreased 
in comparison with the pressures, which existed at the same roints, 
before B had been narrowed. We might here say: the difference of 
pressure between the points in front of and beyond B has been in- 
creased. Yet the quantity of fluid flowing through has decreased. The 
greater difference of pressure is thus. merely the consequence of the 
narrowing. If now there is a cock at the origin of the tube, then, on | 
the cock being opened n times a minute, the state of things remains 
the same, only with this difference that the height in the reservoir 
must be supposed to be H,. Upon B being narrowed not nQ but nQ, © 
_ will flow through the cock, nQ, being <nQ. To make nQ, again equal 
to nQ, the height in the reservoir must be raised, or n or ¢ must in- 
crease, | 

_ Hitherto we have spoken of the effects of the four conditions which 
give rise to. a disturbance of equilibrium only with respect to the 
arterial blood-pressure. Owing to the complete circuit which the blood 
makes, these conditions must also exercise an influence on the venous 
blood-current. When variations occur in »Q they must occur every- 
where in the vascular system, and thus in the veins too. If the 
quantity nQ which flows from the heart into the arteries is increased, 
then a state of equilibrium is possible only when the quantity which 
flows through the veins into the heart is equally increased. We can 
directly prove this from the relations which appear in the case of the _ 
reservoir. 

. If in this case by any circumstance nQ increases, more fluid will 
have to be carried into the reservoir, in order to keep it at'a constant 
height. In the same way the heart must receive more blood from the 
veins, if it is to pump more into the arteries. 

If, owing to any of the conditions mentioned in 1, 2 and 3, nQ 
increases, the hydrodynamic pressure and the velocity of the blood- 
flow will increase. Let us, for convenience sake, suppose the increase 
of nQ to be occasioned by an increase of n. With n heart-beats, the 
blood still comes witha certain energy through the veins into. the 
heart. This cnergy is still so great that not only the actual energy 
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of the blood-mass m is still present, but that 7, —4mv," has not even 
yet become nil. P, still possesses a certain magnitude even in the veins 
close to the heart. The. cause of this relation must be sought in the 
fact, that from time to time the blood ceases to flow freely into the 
heart, viz, during the systole. This condition may be compared to one 
in which a cock is supposed to be placed at the end of the venous 
system, and to be opened at every diastole. The quantity which can 
flow through the cock will depend on the number of times the cock is 
opened per minute, and on the quantity which can flow through during 
each opening. 

If the cock is now opened more than » times a minute, then more 
fluid will flow out in a minute. We can compare this condition to 
one in which the mean resistance at the end of the tube decreases. 
Thus the effect will be that the fluid flows out with greater velocity, — 
and that P, will consequently become smaller. If the number of 
heart-beats per minute becomes greater, the number of diastoles will 
become as many times greater. Hence the mean resistance at the end 
of the venous system decreases; the velocity in the veins will thus 


increase, and the hydrodynamic pressure decrease. Seeing that the 


decrease of P, upon the increase of the number of diastoles will be most 
perceptible in the veins, and the increase of P, upon the increase of the 
number of systoles will be most perceptible in the arteries, the hydro- 
dynamic pressure will under these conditions increase in the arteries 
and decrease in the veins. Thus, the simultaneous increase of the 
number of diastoles co-operates with the increase of that of the systoles. 

The same effect will ensue if nQ increases by an increase of Q. 
The fall of the pressure in the veins cannot of itself be considered as a 
proof of the suction-force of the heart ; but, since it has been proved in 
other ways that the heart during its diastole really possesses a suction- 


force, the natural consequence of the increase of the number of diastoles, 


or of the quantity of blood which is drawn in at each diastole, will be 


increase of velocity and decrease of hydrodynamic pressure in the veins, 


as may be inferred from what has already been said. | 

In case 4, the resistance had increased somewhere in the vascular 
system. In whichever part of the vascular system this may have 
occurred, the hydrodynamic pressure will have increased in front of the 
point of increased resistance, i.e. between it and the heart. Beyond 
this point, it will have decreased. If equilibrium has been reestablished, 
in consequence of nQ, owing to increased cardiac action, flowing through 
the place of increased resistance (as has been discussed in 4), we may 
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then apply to the veins (beyond the point of increased resistance), what 
we have just said. The hydrodynamic pressure in the veins will thus 
decrease. If the cardiac action remains the same, and thus less than nQ 
actually flows through because Q decreases, then less will flow out of the 
veins, and an elevation in the hydrodynamic pressure in the veins will 
arise, (viz. of that part of the pressure which is determined by the 
diastole). The last-mentioned condition will arise in the organism only 
when the heart is already performing its maximum labour before. the 
moment at which the increased resistance is developed. 

From all this there will follow: 1st, upon an increase of the number 
of heart-beats (n) a rise in the arterial, a fall in the venous blood- 
pressure; 2nd, upon an increase of the quantity of blood (Q) which is 
pumped out at each systole, a rise in the arterial, a fall in the venous 
blood-pressure ; 3rd, upon an increase of the force of the systole (taking 
effect only when Q is increased), a rise in the arterial, and a fall in the 
venous blood-pressure ; 4th, upon an increase of resistance’ anywhere in 
the vascular system, a rise in the pressure in front of this point and a 
fall in the pressure beyond it. 

Upon a decrease of any of these factors, all that has been said 
of them will be reversed. 

It further follows, from the elasticity of the wall of the Blbsdsveniels, 
that where the hydrodynamic pressure varies, the capacity of the tube 
will also always vary with it. Where the capacity increases a certain 
quantity of blood is detained, where it decreases, a certain quantity is 
expelled. Hence in order to bring about a state of equilibrium, it is 
necessary that the capacity should again become constant, that M, 
should become equal to V,. ‘The circuit of the blood, in connection — 
with the peculiar action of the heart, just makes this possible with the 
limited quantity of blood present in the vascular system. We have 
seen, that just when in the arteries the hydrodynamic pressure, and with 
it the capacity, increases, both of them decrease in the veins. Owing 
to the complete circuit and the limited quantity of blood, a simultaneous 
rise of hydrodynamic pressure, and thus also of capacity in both arteries 
and veins is impossible. Upon a disturbance of the state of equili- 
brium, and upon its being restored, or upon a new one arising, a certain 
quantity of blood is shifted from one part of the vascular — to 

another. 


} I need hardly obsarve that I spesk only of the increase of resistance in the total 
section of any area of the vascular system. Increase in any part of this section may be 
compensated by a decrease in another part. 
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Hence, any change of pressure which we observe in the manometer 
must, if at the place where we determine this pressure H,, R,, and Z, 
remain constant, be occasioned by one or more of the above mentioned 
circumstances. I shall speak presently concerning the influence on 
the blood-pressure of variations in the capacity of the blood-vessels due | 
to circumstances operating externally on the blood-vessels. 

A series of experiments has led me to the above mentioned views. 
I will not maintain that these views are in every respect quite new. 
What is new on this earth of ours? Yet I thought it might be useful 
to embody them in a clear and concise form. _ 

We may with ease experimentally change nQ, and we shall thing see 
that what has been discussed under 1, 2 and 3 does actually take place. 
It is easy to change n; there are greater difficulties in changing Q, or 
the force of the systole. 

In such experiments I always determined simultaneously the pres- 
sure D, in an artery (the carotid) and in a vein (the jugular), For 
this purpose I attached to Ludwig’s Kymographion a double mano- | 
meter. To the carotid was attached, in the usual way, one of the 
manometers containing mercury. The other manometer was filled with 
a saturated solution of bicarbonate of sodium. In each manometer-a 
float armed with a pen rested on the surface of the fluid. At first, 
however, it was not easy to construct for the soda-manometer a float, 
which should respond accurately to every oscillation of the level of the 
manometer. The float must, of course, be light, and has then the 
drawback of dancing up and down at every change 1 in the level of the 
fluid; but in addition to this the great drawback is, that it constantly 
keeps adhering to the wall of the tube made wet by the soda. After a 
long trial I was most satisfied with a small ebonite bell placed on the 
soda-level. On the top of this bell is affixed a thin aluminium rod, and 
to this the registering pen. This little bell, which floats by reason of 
the air contained in it, must correspond in diameter exactly with that 
of the tube of the manometer, and, that it may nowhere be jammed, 
the latter must be everywhere precisely of the same bore. Seeing that 
the wall of the tube is always moist, no air, but only a small layer of 
fluid is found between the wall of the tube and the edge of the bell; on 


this account the friction is extremely small, and the dancing up and 


down on the level of the fluid is effectually prevented. Upon trial it 
appeared to me that this little bell responded to even very slight oscil- 
lations still more accurately than the usual float of the mercury- 
manometer does to sudden oscillations of the level of the mercury. 
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On the “ papier sans fins” I thus obtained the curves of the pressures 
in the carotid and in the jugular, the heights of which above the zero 
line were expressed in the carotid in millimeters of mercury (Hg), in 
the jugular in millimeters of the solution of bicarbonate of sodium (CS). 

In a dog of 44 kgrm. the blood-pressure in both vessels was registered 
in this way in morphia and chloroform narcosis. 

The pressure in the right carotid was + 86mm. Hg, in the left 
jugular + 134 mm. CS ; 

After this both the sazeneaipathotie nerves were cut through, owing 
to which n very much increased. 

The pressure in the carotid rose to + 134 mm. Hg. 

The pressure in the jugular fell to + 9 mm. CS. 

In experiments like these it is necessary to observe whether upon 
the section of the nerves the respiration is greatly modified. If strong 
convulsive respirations arise, these greatly influence the blood-pressure 
in both kinds of blood-vessels (I shall afterwards return to this subject), 
and the direct effect of the section of the nerves on the blood-pressure 
cannot be ascertained. The above experiment shows that the great 
increase in the number of heart-beats which follows upon section of 
both the vagosympathetic nerves occasions, as has been discussed above, 
a rise in the arterial pressure, and a fall in the venous. 

Another instance: A dog of 13} kgrm. in morphia and chloroform 
narcosis. ‘The pressure in the right carotid is + 150 mm. Hg, in the 
left jugular + 79 mm. CS. After section of both the vagosympathetic 
nerves the pressure in the carotid is + 174 mm. Hg, in the jugular 
+ 45 mm. CS. 

Still clearer is the result of a decrease of the number of hace 
beats, or of an actual stoppage of the heart owing to stimulation of 
the vagus. We then see upon a fall in the. carotid-pressure a rise in 
that of the jugu'ar. I have many experiments showing this. If we 


stop the stimulation so that the heart-rate increases again, we then see 


the pressure in the carotid rise to its normal height, while the jugular 
pressure again falls to its normal height. 


Instances: A dog of 30 kgrm. in morphia and chloroform narcosis. 


Both the vagosympathetie nerves are cut. The pressure in the right 
carotid is + 98 mm. Hg, in the left jugular + 46mm. CS. The left 
vagus is stimulated, in consequence of which the heart-rate is greatly 
‘reduced. The pressure in the carotid falls to + 48 mm. Hg, that in the 
jugular rises to + 88 mm. CS. 

After the stimulation has ceased both return to their normal height. 
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A dog of 10} kgrm. in morphia and chloroform narcosis. Both the 
vagosympathetic nerves are cut. The pressure in the right carotid is 
+ 144mm. Hg, in the left jugular + 100 mm. CS. The right vagus 
is stimulated. The heart ceases to beat. The carotid pressure falls to 
+18mm. Hg, the jugular pressure rises to + 140mm. CS. After the 
stimulation has ceased both return to their normal height. 

The way in which the rise and fall occur in the carotid pressure is 
a very peculiar one. If the stimulation is so strong that the heart sud- 
denly ceases to beat, the carotid pressure falls at first very rapidly, but 
the inclination of the fall soon changes. At the moment that, in the 
last mentioned case, the carotid pressure was 18 mm. Hg, the curve was 
almost horizontal. The reason of this is, that, after the cardiac action has 
ceased, the blood keeps flowing under the influence of the energy existing - 
in it, but it is not this energy alone which keeps up the flow. It is — 
now especially the energy accumulated in the wall of the arteries which 
comes into action, and keeps up the flow. Seeing, however, that no 
more fresh blood is supplied by the heart, this energy present in the 
wall is continually diminished by consumption, and the tension in the 
wall continually decreases. The force with which the blood is propelled 
becomes in consequence smaller and smaller. Hence the velocity also 
continually decreases. The current will last until the tension in the 
vascular system has everywhere become the same. It appears from the 
above instance, that, if equilibrium is established with a pressure of 18 
mm. Hg in the carotid, there is in the jugular a pressure of 140 mm. 
CS only, that is to say, the tension in the arterial system is still 
greater than in the venous, notwithstanding that the heart has ceased 
to beat for 15 seconds. Rollett’* asserts that even after cardiac action 
has ceased half-an-hour, or longer, the stream in the capillaries still 
continues. Thus it is a very long time before the tension in the 
vascular system has become everywhere the same. 

This question is of importance, because it follows hence that, if in _ 
order to trace the waves in the blood we trace the waves in a tube 
attached to a reservoir, we must not compare the artery to a tube having 
a large and free opening to the atmosphere. For in such a tube upon a 
sudden interruption to the flow of fluid, as by closing a cock, the 
pressure in the tube will not only rapidly decline to zero, but will even 
become negative. Nothing of the kind is seen in the arteries upon 
a sudden suspension of the cardiac action; and this is due to the 


1 Rollett. Handbuch der Physiologie, herausgegeben von L. Hermann, Bd. tv. p, 
817. 
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enormous resistance the blood meets with at the end of the arterial 
system in the numerous and very small capillaries. I have previously’ 
shown by means of a minimum manometer that a negative pressure ” 
never observed in the aorta. 

Since in the above mentioned experiment I had inserted a T piece in 
the jugular, I could compress the jugular either on the cardiac or 
capillary side of the attachment of the manometer. In the latter case 
the jugular pressure largely diminished, often even to below zero. 

In a dog of 21 kgrm. in morphia and chloroform narcosis, the vago- 
_ sympathetic nerves of which were cut, stimulation of the vagus gave 
the same effect as that which has been described above. Without 
stimulation the pressure in the jugular was + 21 mm. CS. The jugular 
was then closed on the capillary side of the T piece, and the manometer 
fell to +2 mm. CS. The pressure thus measured was however really 
that of the vena cavasup. If the vagus was now stimulated the carotid- 
pressure as usual ‘gun fell, while the pressure in the vena cava rose to 
+ 10 mm. CS. 

When in this dog the jugular was clamped on the cardiac side of the 
T piece the manometer of the jugular rose to + 247mm. CS. The 
pressure in the carotid at this moment was + 100mm. Hg. On the 
vagus being now stimulated the pressure fell in both the blood-vessels, 
in the carotid to + 16 mm. Hg, in the jugular to + 165 mms. CS. 

This simultaneous fall in both the blood-vessels upon stimulation of 
the vagus, when the jugular is closed on the cardiac side of the T piece, 
does not always appear with equal clearness; sometimes the fall in the 
jugular all but fails. The cause of this lies in the valves of the veins. 
Let us for a moment consider this matter a little more closely. When 
the jugular is closed on the cardiac side of the T piece, the manometer 
no longer indicates the usual venous pressure; the vein must now 
be considered rather as a simple continuation of the artery. If it were 
- not possible for the blood to flow away anywhere else than through the 

part in the vein which has now been closed, the pressure in the vein 
would then really become equal to that in the artery from which the 
vein receives the blood. Since however collateral paths are usually 
present, this seldom will be attained Yet the venous pressure 
approximates to the arterial pressure, and if, owing to a reduced 
heart-rate, the pressure in the artery declines, that in the vein will 
‘fall with it. If this fall in the vein does not occur it is because the 
flow of the blood out of the vein is prevented by the valves. 


1§.deJager. Pfliiger's Arch, Bd. xxx. 
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I had first frequently observed the simultaneous fall in both blood- 
pressures, and I was surprised, when, sometimes under circumstances 
in other respects the same, the fall in the jugular did not occur. 
I accordingly so arranged an experiment that, while the cock between 
the manometer and the jugular was. closed, I reduced the manometer 
of the jugular to zero. If, after this, this cock is opened, the jugular 
manometer begins and continues to rise. During this rising the vagus 
is stimulated. The regular rise of the manometer then instantly ceases.. 
The manometer cannot fall as I have already said, owing to the valves 
in the veins, but the absence of a further rise proves that the pressure 
in the jugular has virtually diminished. As soon as the stimulation 
ceases, and the carotid pressure thereby rises, the regular rise in the 
jugular manometer again occurs until upon a new stimulation it again 
ceases. This may be repeated till the jugular manometer has risen to 
the pressure which prevails in the jugular without vagus stimulation. 

I might add to the above instances many more, all of which show the 


“Same results. It is sufficiently obvious from them, that really upon 


the increase of n, the pressure rises in the carotid and falls in the jugular, 
and that upon the decrease of n the pressure falls in the carotid and 
rises in the jugular; but that there may exist circumstances which 
modify this effect. In making the experiment we must take care that 
no powerful irregular respiration modifies the effect; to prevent forced 


respiration with a closed glottis, I first in every experiment performed 


tracheotomy. Moreover we must bear in mind that owing to an acci- 


dental coagulation in the jugular, on the cardiac side of the T piece, 


or to an accidental compression, or a marked narrowing at this part, 
the reverse effect may take place. | 

As I have already observed, the pressure in the jugular sometimes 
falls below zero, if the jugular is closed on the capillary side of the T 
piece. Since in this case, it is the pressure in the vena cava sup. which 
is really measured, it is thereby proved that the pressure in this vein 
is at that time negative. Other investigators have also found the 
pressure in the vena cava sup. negative’. This proves nothing as to 
the suction force of the heart. When the thorax is closed, there is a 
negative pressure in the cavum thoracis, which is exerted on the outer 
surface of the heart, and is able by itself to give rise to a negative 
hydrodynamic pressure in the veins close to the heart. When the 
thorax is open I have never seen the pressure fall below zero. We 
shall see, in discussing the influence of respiration on the venous 


i Volkmann. Haemodynamik, and Jacobson, Arch. f. path. Anat, xxxvt. 
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blood-pressure, why the suction force of the heart, when the thorax 
is opened, cannot give rise to negative hydrodynamic pressure. I 
have already previously spoken of this matter. I have tried, however, — 
to show in other ways that the heart really sucks the blood out of the 
veins, 

I have several times repeated the experiments I am now about to 
discuss. A dog was completely curarised. The mercury-manometer was - 
attached to a carotid; the thorax was opened, and the respiration kept 
up by means of a pair of bellows. The soda-manometer was attached to 
a glass tube, and the latter was inserted, through the jugular, into the 
vena cava sup. while the other jugular was closed by means of a 
ligature. When the pressure in the two blood-vessels had been accu- 
rately registered, the thoracic aorta was suddenly severed, after the 
animal had been brought into apnoea by means of OQ, and the artificial 
respiration had ceased. 

I hoped and thought that, after section of the aorta, the heart would . 
still keep working on with sufficient force to suck out the blood from 
the veins, and to pump it into the arteries. Seeing that no new blood 
is now conveyed from the arteries, and that therefore no hydrodynamic 
pressure, due to the systolic action of the heart, any longer arises in the 
veins, the hydrodynamic pressure resulting from the diastolic action of 
the heart, i.e. a negative pressure, ought to become more distinct. 

The result did not answer the expectation, though I made some 
observations of great importance. Goltz and Gaule’ have already 
shown that even in the ventricles a negative pressure can be indicated 
only when the heart is contracting powerfully. If the heart has become 
exhausted, there is no trace whatever to be found of a negative pressure. 

Now the conditions of our experiment are as unfavourable as they 
can possibly be for the heart’s action. In the first place the effect of 
the curare is bad for the heart, secondly so is the open thorax, thirdly so 
is the accompanying loss of blood, and fourthly, the section of the aorta 
is most unfavourable of all for the heart’s action. The heart will then 
no longer contract with its normal force, and it is no wonder that no 
powerful relaxation then ensues. . Other factors, which may contribute 
to the relaxation, now disappear, such as the tension in the arteriae 
coronariae (Briicke). 

Immediately after the section of the aorta, we see the carotid 
pressure fall in a vertical line to zero. (The line of descent is quite 


1 Fr. Goltz and J. Gaule, Pfliiger’s Arch. Bd, xvi. p. 100. 
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different from that obtained when the heart ceases to beat in conse- — 
quence of vagus-stimulation. In this case the conditions resemble those 
of a tube opening freely into the air.) The jugular or more properly 
speaking, the vena cava manometer also markedly falls, but more slowly 
than that of the carotid. We see that at every heart-beat blood is 
really pumped over, for the carotid manometer rises at every heart- 
beat in order to fall again to zero. I generally observed, that, if the 
heart absolutely ceases to beat, there is a certain positive pressure still 
present in the veins; this is owing to the fact that the blood can no 
longer flow into the heart, nor can it, owing to the valves, flow back to 
the capillaries. | 

I once saw in a dog, after the cessation of the cardiac action upon 
the aorta being divided, that the pressure in the carotid was zero and in 
the jugular still 30 mm. CS. After a few seconds the heart began to 
beat again. At each systole the rise in the carotid manometer was 
again visible. The jugular manometer had again begun to fall, and on 
its curve the influence of each heart-beat could be distinctly observed. 
As the elevations in the carotid curve at each heart-beat became lower, 
the jugular manometer, at the moment when there were no longer any 
elevations visible in the carotid-curve, though the heart continued to beat, 
had fallen to zero. aS | 

I have occasionally observed actual suction, and saw the manometer 


of the vein fall to a few mm. CS. below zero. 


A slight change in the experiment afforded me another important 
result. The experiment was made in the same way, but instead of 
dividing the aorta the vena cava inf. in the thorax was closed in order 
to cut off the flow of blood to the vena cava sup. as much as possible. 
The pressure in the vena cava sup. fell to zero. The carotid pressure — 
also fell considerably (we shall presently return to this phenomenon), 
but it still remained 60mm. Hg. With this zero pressure in the vena 
cava sup., the heart was still able to pump blood from the veins, which 
open into the vena cava sup. (except the two jugulars which were 
ligatured), and to keep the pressure in the carotid at 60 mm. Hg. 

How much, however, the heart suffers under this imperfect flow of 
blood to it appears immediately from this, that if we again release the 
vena cava inf, and the two manometers again begin to rise, these do not 
again return to their previous height. The carotid pressure remains 
lower. But the fact is especially important, that if we for the second 
time compress the vena cava inf. the pressure in the vena cava sup. no 
longer falls to zero, but even remains + 40 mm. OS. above zero. We 
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_ have here the proof that, while the heart has now suffered, it is no 
longer capable of such powerful diastoles, and thus can no longer 
pump out the vena cava sup. by suction so effectually as it did the first 
I have already observed that there are objections to changing Q 
artificially. The influence of this change I have occasionally traced by 
obstructing the diastole of the heart in a curarised dog, with open 
thorax and artificial respiration. I laid the whole flat of my hand 
around the heart and then compressed the heart a little with a force 
as constant as possible. In this way the diastole is obstructed, and 
we may assume that at each diastole less blood is taken into the 
ventricle, and thus less pumped into the artery at the next systole, in 
other words that Q really decreases, In this case too we see the pressure 
fall in the carotid and rise in the jugular. The experiment is not fully 
convincing as to the influence of Q, for ” also varies under this operation, . 
_ and we do not know how it fares with the force of the systole. 
Cohnheim in the first edition of his Vorleswngen tiber allgemeine 
Pathologie, p. 36, to show the influence of-obstructed diastoles on arterial 
and venous blood-pressure, describes two experiments, which, in my 
opinion, prove nothing on this point. In one experiment he compresses 
the thorax of a rabbit. In this case so many conditions in the thorax 
which may influence both blood-pressures are changed, that the effect 
thence arising can by no means be regarded as simply the effect of | 
obstructed diastole. We may say the same of the second experiment, in 
which he inserts into one of the pleural cavities of a dog a caoutchouc- 
balloon, and then inflates the balloon. In the second edition of the 
book, these two experiments are no longer mentioned in treating of 
obstructed diastole, but Cohnheim takes an experiment of Frangois- 
Frank’, which proves much more directly what we have said above. ‘Ta 
this experiment the pressure on the outer surface of the heart is raised 
in the pericardial cavity by means of air or fluid. The effect here also is 
a fall in the arterial and a rise in the venous pressure. The only 
objection I have to this experiment is that the possibility exists that the 
great veins which carry the blood to the heart will be narrowed by the 
_ higher pericardial pressure, and that the effect which is observed cannot 
with certainty be attributed solely to the obstructed diastole, but may 
also in part be due to the increased resistance at the end of the great 
Veins. | 


1 Fr, Frank, Gazette hebdomad., 1877. No. 29. 
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With this I will now leave the influence of variations in cardiac 

action on the arterial and venous blood-pressures. | 

« Variations in resistance somewhere in the vascular system frequently 
occur both in physiological and pathological conditions. We have only 
for instance to remember the varying tonus of the smaller arteries. I 
shall not discuss the influence of all these resistances; they may of 
themselves, as it were, be inferred from what has been previously said. 
Nor have I extended my experiments over all these possibilities. 
Moreover, I wish at greater length, in Part III. of this article, to 
treat of certain of the principal causes of ever-varying resistances in the 
vascular system, viz. those which accompany respiration. For the 
moment, I wish to confine myself to the influence of changed resistance 
in one of the great veins or arteries, especially because we shall then 
see that, though the principles we have laid down remain true, there 
may be circumstances which may produce a great change in the 
effect. 

In the venous system a great resistance may be occasioned by com- 
pressing the vena cava inf. either immediately below or above the 
diaphragm. By this means a great part of the venous system is placed 
hors de combat. 

The blood-pressure was again eogiennd 3 in a carotid and in a jugular. 
The thorax and abdomen were opened. Tracheotomy was performed 
and artificial respiration carried on. Both the vago-sympathetic nerves 
were cut. The experiment may be made under morphia and chloroform 

narcosis, or with curare. The last method has this advantage that all 
muscular contractions are thereby prevented, and that, by giving O, we 
may easily bring the animal into a state of apnoea and then stop the 
artificial respiration. Yet there is no great objection in continuing 
the respiration, if the respiratory movements always occur at the same 
rate and to the same extent. With a pair of bellows moved by a motor 
with uniform rapidity and uniform force this may be easily attained. 

The result I arrived at from both methods of experiment was the 
same: on compressing the vena cava inf. the pressure falls both in the 
carotid and the jugular; on again releasing the vena cava inf, the 
pressure rises in both blood-vessels, 

This is apparently in conflict with the conclusions which we formerly 
arrived at, but the cause of this apparent deviation lies in the limited 
quantity of blood present in the vascular system, in connection with 
the difference in the coefficient of elasticity of the different -_ of this 
system. 
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When the vena cava inf. is closed, the resistance in the venous system 
greatly increases, for the blood can now flow back from the aorta to the. 
heart only through the remaining veins. On the side of the obstruction 
away from the heart, the vena cava inf. with all its ramifications towards 
the capillaries, the capillaries themselves, and the arteries from which 
these arise, are all excluded from the blood-current. If we attached a 
manometer to the vein near the place compressed, on the side towards 
the capillaries, we should see that the pressure here was very high, for it 
would be pretty nearly the same as that in the artery. Supposing that 
there are nowhere small collateral communications, that all the blood 
passing through the aorta abdominalis under ordinary circumstances is 
carried off to the vena cava inf, then this part of the vascular system 
is, aS it were, quite excluded from the rest, and the quantity of blood — 
accumulated in this part and thus excluded from the circulation is not 
small, for, owing to the higher pressure, which arises on the capillary 
side of the obstruction, the capacity of the veins is greatly increased, 
That part of the whole quantity of blood which still participates in the 
circulation has thus become much smaller, and not only so, but the 
quantity of blood, which now flows through the remaining part of the 
vascular system, is also much smaller than the quantity which flowed 
through the same part before the compression. The condition of the 
vessels through which the blood still circulates resembles that, which 
we should obtain; if we had removed from them a certain quantity of 
blood, and the mean tension in them had thereby been decreased, 
without any decrease of cardiac action. 

_ Thus a totally new state of equilibrium arises with a sstigllen 
vascular system, but, moreover, with a quantity of blood which is 
smaller than that properly belonging to the part of the vascular system 
left for the circulation, Ifthe coats of the veins had the same coefficient 
of elasticity as those of the arteries we should then see, on compressing 
the vena cava inf. not a fall, but a rise, in the carotid pressure. This 
is.a fact. we must attend to in every increase of resistance in the venous 
system. 

We must not suppose that closing the vena cava inf. simply cuts 
off part of the supply of blood to the heart. The supply to the heart is, 
indeed, actually in part thus cut off, but the fall in the carotid pressure 
is owing to a very great diminution in the quantity of blood which the 
heart receives in consequence of the enlargement of the capacity of the 
veins on the capillary side of the place compressed. If this capacity 
were not enlarged, ie. if the veins had a great coefficient of elasticity, 
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then the heart would still receive less blood on compressing the vena 
cava inf., but the carotid pressure would rise. 

To represent this matter clearly, I will imagine a reservoir attached 
to a non-elastic tube BC (figure 5) which tube divides into two parts 
CDF and COEF, these two parts again uniting into one tube FG. The 


E 


fluid in the reservoir has a constant height. If now the fluid flows 
through, there will be a certain hydrodynamic pressure in BC and FG. 
In the unit of time A fluid flows out at G. At K there is a cock. If 
this is closed the fluid can pass only through CHF. If the height of 
pressure in the reservoir remains the same, less fluid, A,’ will flow out at 
G, A’ being < A. The pressure in BC and thus also in CDK will 
increase, while that in FG will decrease. Supposing then that the height 
in the reservoir is kept constant by the fluid flowing out at G being 
continually brought back into the reservoir, we shall then have to bring 
into the reservoir, in the unit of time, A fluid if K be open and ~ if K 
be closed. 

Let us now assume that the part of the tube, CDF, is very ie 
and elastic, with a small coefficient of elasticity. On the cock K being 
open, a certain quantity of fluid flows through; let us again suppose 
A. Now let K be closed; then since, as in the non-elastic tube, the 
pressure increases in CDK, the capacity of CDK increases, and to supply 
this increased capacity more fluid is necessary, which can be drawn only 
from the reservoir. If this capacity has again become constant, a 
constant quantity of fluid flows out at G, which must again be brought 
back to the reservoir; but the reservoir cannot thereby be raised to the 


‘ 
Rec 
Fra. 5. 
4 D 
K; K 
G 
B | 
Ki 
A, 
4 
t 
+ 
i 
y 
4 
> 
q 
¥ 
+ 
| 
> 


‘ON HAEMODYNAMICS. | 183 


height which it had before K was closed. The constant height 3 in the 
reservoir has decreased, viz. by just so much as answers to the quantity 
of fluid withdrawn from it to supply the increased capacity of CDK. If 
the height in the reservoir has decreased, the hydrodynamic pressure in 
_ BC will not be so high as would result simply from the increase of re- 
sistance due to K being closed. It will thus depend only on the increase 
of capacity of CDK, how much the height of pressure in the reservoir 
will decrease. If this increase of capacity be very great, the height 
of pressure in the reservoir may fall so low that the pressure in BC 
falls after the closing of the cock K. 

This is just what occurs on compressing the vena cava inf. It appears 
from what has been said, that the smaller quantity of fluid which the 
reservoir receives when X is closed, is no reason for the fall of pressure - 
in BC. When CDK was not elastic only A’<A flowed out upon K 
being closed, and thus A’ < A was brought back every time into the 
reservoir; but yet the pressure in BC rose. In the same way the carotid 
pressure also would rise on closing the vena cava inf. if the veins 
had a greater coefficient of elasticity. Hence it follows that the fall, 
which occurs in the carotid pressure, cannot be immediately ascribed to 
the smaller quantity of blood which the heart receives. 

In this experimental example, viz. the closing of the vena cava inf, 
the heightened pressure in the venous system arises in consequence 
of a part of the section of this system having been entirely removed; 
but it is plain that everything which has been said is similarly appli- 
cable when the increased resistance is equally distributed over the whole 
of the venous system. 

Upon increased resistance in any part of the venous system we have 
thus to consider two factors: 1st, the increased resistance which occa- 
sions a rise in the arterial pressure, and a fall in the venous pressure © 
beyond the place of increased resistance ; 2nd, the withdrawal of a cer- 
tain quantity of blood from the circulation, which quantity supplies the 
greater capacity of the veins in front of the place of greater resistance, 
and thereby brings about a decrease in the mean tension over the whole 
vascular system. 

These two factors co-operate with respect to the jugular pressure, 
and counteract each other with respect to that of the carotid. Owing 
to the great increase of the capacity of the veins caused by the pressure 
being raised in front of the place of increased resistance the second 
factor in most cases predominates. The closer to the capillaries the 
place of increased resistance, and hence the smaller the part of the 
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venous system which lies in front of this point, and thus the smaller 
the whole increase of capacity, so much the less will the second factor 
be felt, and it will be all the more probable that a fall in the jugular 
pressure will be accompanied by a rise in that of the carotid. 

I am convinced, though I have not made the experiment, that if 


_the splanchnic nerves be cut, and the carotid pressure thereby falls, the 


jugular pressure will rise, and if the splanchnics are stimulated, a rise 
in the carotid pressure will be accompanied by a fall in that of the 
jugular. In this last case it is only the arterial system which lies in 
front of the place of increased resistance arising from the augmented 
tonus of the smaller arteries caused by stimulation of the splanchnics. 
Here too upon a rise of pressure the capacity will increase, but the 
quantity of blood by this. means accumulated there, and thus, as it 
were, withdrawn from circulation, is small, because the increase of 
capacity is small, owing to the large coefficient of elasticity of the 
arterial coats. 

But here too there is a limit to the rise in carotid pressure with 
the simultaneous fall in that of the jugular. Let us put the place 
of increased resistance still farther up in the arterial system, closer 
to the heart, viz., in the aorta itself. I made such an experiment in the 
same dogs that were used for the compression of the vena cava inf. 
The thoracic aorta was compressed just above the diaphragm. Both 
carotid and jugular pressure rose. Again another deviation from what 
has been previously said in 4; but only an — deviation. For | 
what occurs under these sincunistantes 

As soon as the thoracic aorta is compressed, a great part of the 
vascular system is again placed hors de combat ; but a certain quantity 
of blood, instead of being withdrawn from, is driven into the remainder 
of the system. Beyond the place of compression no fresh blood is con- 
veyed. The energy accumulated in the coats of the arteries in that 
region now comes into action, and propels the blood through the capil- 
laries to the veins, until the tension in the veins which carry off the 
blood becomes equal to that in the aorta beyond the place — 
By this a certain quantity of blood is conveyed to the veins. 

Suppose that the thoracic aorta carries off all its blood to the vena 
cava inf, and all the blood which flows through the branches of the 
aortic arch passes into the vena cava sup., then the part of the vascular 
system from the place where the aorta is compressed to the vena cava 
inf. inclusive, will no longer take part in the circulation. The circula- 
tion in fact is confined to the remaining part of the vascular system. 
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The tension in the vena cava inf. now increases, owing to the greater 
quantity of blood which comes into it, and seeing that this vein com- 
municates through the auricle with the vena cava sup., the blood will 
flow from the vena cava inf. into the vena cava sup., which will also 
become fuller. 

_ The figure, just given, again affords us the example of this, if we 
suppose the cock to be at K, instead of at K while CDF is again elastic. 
Let us again suppose, that A fluid flows through if K, be open. A 
certain hydrodynamic pressure will obtain in the tube, and the wall of 
CDF will thereby be stretched. As has been previously shown, a certain 
quantity of energy is thus here accumulated. To keep the reservoir at 
a constant height, A fluid must be brought into it in every unit of time. 
Now let K, be closed. Owing to this the fluid must now flow through 
CEF only and the resistance will therefore be increased. Less fluid will 
consequently flow through;: the hydrodynamic pressure must rise in 
BC and fall in FG. But, immediately after the closing of the cock, 
the energy accumulated in the wall of ADF comes into action and will 
expel fluid thence, until the tension in K DF establishes an equilibrium 
with the hydrodynamic pressure at F. During this time more fluid will 
thus flow out at G, and if all the fluid from G be again brought into the 
reservoir, the height of pressure in the reservoir will rise, because more 
fluid is brought into it than flows out of it. If this increased quantity, — 
brought into the reservoir, be only great enough, in other words, if the 
decrease of capacity of KDF is great enough, the height of pressure in 
the reservoir may become so high, that after the closing of K,, the 
pressure in FG rises. 

What was just now said of the vein is also applicable here : the same 
condition will arise, if no one part of the section of the arterial system 
has been completely removed, but the increased resistance is distributed 
over the whole section. | 

Also in this increased resistance we have two factors to take into 
consideration: Ist, the increased resistance which occasions a rise in 
the arterial pressure in front. of the place of increased resistance, and 
a fall in the venous pressure ; 2nd, the addition of a certain quantity of 
_ blood to the circulation, proceeding from the diminution in the capacity 
of the arteries beyond the place of greater resistance, and thence an 
increase in the mean tension over the whole vascular system. 

These two factors assist each other with respect to the can 
pressure, and counteract each other with respect’ to the jugular pressure. 
Since the diminution of the capacity of the arteries will never be great, 
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the second factor will not manifest itself so strongly relatively to the 
first factor as in the case of increased resistance in the venous system. 
Here too the influence of the second factor will be all the slighter, in 
proportion as the place of increased resistance lies closer to the capillaries, 
because the diminution of capacity beyond this place of increased resist- 
ance is then smaller. 

These important facts have never, in my opinion, been accurately 
set forth. 

With respect to the closing of the jugular on the cardiac side of the 
T piece, we obtain peculiar relations, when we compare the results just 
discussed with those previously obtained from vagus-stimulation. We 
have seen that upon vagus-stimulation the jugular pressure rose, if the 
jugular on the cardiac side of the T piece was open, and fell if it was 
closed. On compressing the vena cava inf., the pressure in the jugular 
always falls, whether the jugular on the cardiac side of the T piece be 
open or closed; the jugular pressure rises in both cases if the thoracic 
aorta be comiprdited. After all that has preceded, these phenomena 
need no farther explanation. 

We have now sufficiently made clear what influence changes in 
the capacity of the blood-vessels can exercise on the arterial and venous 
pressure. And this influence is not confined to the above mentioned 
instances ; changes in capacity must always be taken into account. If 
they are small, their effect is not perceptible. As soon as they reach a 
certain magnitude, every diminution of capacity anywhere in the vascular 
system will lead to greater tension all over this system, every increase of 
capacity will lead to reduced tension. Hence, when upon section of the 
spinal cord between the atlas and occipital bone the tonus of almost all 
the smaller arteries is suspended, and the resistance by this means 
greatly reduced, the fall of the arterial pressure which results is not 
necessarily accompanied by a proportionate rise in the venous pressure. 
By the suspension of the tonus, the capacity of the vascular system 
increases enormously, and the mean tension through the whole of ‘the 
system is greatly diminished. 

Changes in capacity do not ues arise from changes in hydro- 
dynamic pressure. The example of the suspension of tonus is one 
not included in this rubric. Hitherto we have always considered the 
pressure on the external wall of the blood-vessels as constant. We 
have previously seen that the lumen in an elastic tube is dependent on 
the pressure on the internal wall, on the coefficient of elasticity, and on 
the pressure on the outer wall. As soon as the last changes the lumen 
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will also change, caeteris paribus. Now there are a number of places in 


the body where forces work externally on the blood-vessels and cause 
_ their capacity to change. We may give as instances the variations of 


pressure on the blood-vessels in the thorax and abdomen during respi- 
ration ; the variations of pressure on the vessels of the alveoli during 
respiration, owing to the variations of atmospheric pressure in the 
alveoli; dilatations of the blood-vessels due to expansion of the lungs; 
variations of pressure on the blood-vessels of the trunk and limbs on 
account of muscular contractions. | 


Every external force which narrows the lumen of a blood-vessel 


increases the resistance there, every force which widens this lumen 
reduces the resistance. If this force remains constant, the wall will come 
into a new state of equilibrium with a permanent new lumen. A force 
exerting a constant action on a blood-vessel has thus an influence on 
the resistance which the blood there meets with. 

There is, however, another matter which comes into account. So 
long as the lumen varies, the quantity of blood in that place also varies. 
Upon diminution of the lumen, and consequent decrease in capacity, a 
quantity of blood must be expelled from that place; upon enlargement 
of the lumen, and consequent increase of capacity, a certain quantity 
of blood must be drawn to that place. This action takes place only 
while the blood-vessel is becoming wider or narrower, and hence, 
when under the action of this force, the lumen has again become constant, 
though the force continues to act, the forcing or suction effect will entirely 
cease. We may thus consider every enlargement of the lumen of a blood- 
vessel by a force acting on it from without as a suction force in respect 


to the blood, every diminution of lumen as an expelling force. When 


the lumen has again become constant this forcing or suction ceases. 
The thinner the wall, and the smaller the coefficient of elasticity, 
the greater will be the influence of a force acting on the blood from 
without. Such a force will, therefore, always exercise a greater 
influence on a vein than on an artery. ‘The effect will further depend 
on the state of dilatation in which the blood-vessel is at the moment 
this external force begins to act, because the magnitude of the coeffi- 
cient of elasticity depends on the degree of dilatation. Suppose that 
the internal pressure in the blood-vessel is slight and thus the dila- 


tation of the wall small, then, if an external suction force begins to — 
act, the blood-vessel will be enlarged until a new state of equilibrium ~ 
ensues. If, however, the internal pressure is previously strong, and the ~ 


wall therefore in a highly dilated state, then the same external suction 
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force will effect a snaller dilatation. An external force will thus, in 


general, cause the lumen of a blood-vessel to vary all the more in 


proportion as the internal pressure D, is smaller’. 

So far we have not yet examined at all closely the influence of Z, 
which is occasioned by the force of gravity. This Z, always forms a 
part of the pressure D, which we determine by a manometer; and 
in dealing with this we drew conclusions concerning a variation of P, 
only when Z, remains constant. What part Z, contributed to D, did 
not then concern us, because it was not our aim to ascertain the absolute 
magnitude of P,. When however we attempt to determine the latter, 
Z, woust be closely investigated, and it will then appear that the part 
Z, plays is sometimes very great. | 

In determining the blood pressure in the carotid and jugular, of 
which we have treated, in an animal lying on its back, these two vessels — 
lie in all but the same horizontal plane, and the pressure in both may be 
at once compared with each other in respect to P, ; and in general if in a 
dog lying on its back we determine the pressures in two places anywhere 
in the vascular system, the comparative influence of Z,, on these two 
pressures, will not be very different, because the vertical distance be- 
tween these two places can never be very great; this, for instance, is 
the case, when we simultaneously .determine the blood pressure in the 
carotid and crural arteries. 

If, however, we place the animal in a vertical position, the influence 
of Z,, upon the pressures in the carotid and crural, becomes very 
different. 

_ Hermann’ recently made a preliminary communication in which he 
states, that he has tried to ascertain what influence different positions 
of the body exercise on the hydrodynamic pressure. This influence may 
be really in part owing to a change in the cardiac action which accom-— 
panies the change in the position of the body, or, to changes in arterial 
tonus due to an alteration in the flow of blood to the vasomotor centre, 
The changes which Z, undergoes when the position of the body is 
changed affect the results of the determination of D, in different 
positions of the body; but Hermann has hit on a very ingenious 
method which enables him to keep the influence of Z, on the level of 
the manometer constant, and hence, from the changes of D, to draw 


x 


1 With respect to the influence of respiration on arteries and veins in the thorax 
and abdomen, consult my articles in Pfliiger’s Arch. Bd, xx. and xxx. 
2L.Hermann. Pfliger’s Arch. Bd. xxxvu. 
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that it is an essential condition in determining blood-pressure, that the 
aperture of the cannula of the manometer, and of course the manometer " 
itself, should always remain at the same height, because the zero-point 
of the manometer is thereby determined. Hermann so arranges his 
experiment that any change in the position of the animal is accom- 
panied by a corresponding shifting of the aperture of the cannula, which 
shifting exercises as great an influence on the level of the manometer as 
does Z,, but in a reverse sense. By this means the influence on the mano- 
meter of a change in Z, is always neutralized, and hence a change in 
the level of the manometer can be directly attributed to a change in P,. 
The axis round which the body must be moved, in order that this 
condition may arise, Hermann determines in a dead animal by filling 
the vascular system with fluid; in that case only Z, affects the mano- 
meter, since P,, does not exist. He calls this the axis of the “ Statische 
Indifferentie-Punkt” of the vascular system. 

During life the hydrostatic pressure Z, will in every animal be most 
strongly felt in the blood-vessels of the extremities. The hydrostatic 
pressure is of importance for the labour required of the heart in so 
far as the lumen of the blood-vessels is influenced by it. We may 
imagine ourselves the blood-vessels in an extremity in the form of 
figure 3. | 

The tube ABC, conveying the fluid, represents the arteries, the 
underpart C represents the capillary system, the tube CDE carrying 
off the fluid represents the veins. If the coats of the blood-vessels were 
not elastic, the position of the extremity would have no influence on the 
flow. Since the blood-vessels are elastic, they will become wider m places 
of higher internal pressure, narrower in those of lower. Z, will be 
greater as « lies lower with respect to the reservoir (the heart). The 
artery with its large coefficient of elasticity will not be greatly influenced 
by Z,; but the vein on the other hand will. The latter, when Z, grows 
greater, will become much wider, and its capacity will thus increase. 
Hence, on the whole, all veins situated low in the body, will be widened 
under the influence of Z,. This can be no detriment to the blood- 
current. The resistance indeed will have been reduced by the widening, 
and this is advantageous to the action of the heart. However, since 
the capacity of the-veins placed low is greater than that of the veins 
placed high, at any given moment the quantity of blood present for the 
moment will be greater in the former than in the latter. 

As soon as the blood-vessels are placed higher than the heart the 
case alters, and we may then compare them to the tube in figure 4, In 
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the parts lying high 7, will work in a sense reverse to what it did 
before. Z, will now become smaller than the atmospheric pressure, in 
other words it will become negative, and, since D,= Z,+P,, D, will 
thus become < P,. In proportion as the blood-vessel is placed higher 
D, will thus become smaller, and where D, becomes smaller, the lumen 
also becomes smaller. Owing to this smaller lumen the blood will there 
experience more resistance. It is even possible that Z, may become 
>P, (Z, always being negative) and in this case D, will also be 
negative. Outside the blood-vessel the atmospheric pressure will pre- 
vail, inside the blood-vessel a pressure smaller than that of the atmos- 
phere; and if the wall of the blood-vessel be thin enough the lumen 


may thereby totally disappear. This is the only reason why the hand 


becomes empty of blood, if we place it as high as possible above the 
heart. The heart would in this case be so far of influence, if we 
suppose that owing to stronger cardiac action P, is increased, and conse- 
quently does not become negative ; but we must remember, that in this © 
case P, would also have to increase proportionately in every part 
of the vascular system. Here too again the elevation of an extremity 
would have no influence on the heart and on the blood-current, if the 
blood-vessels were not elastic. 

Z, is only of value to the heart and to the blood-current by reason 
of the changes which it effects in R, (the radius of the blood-vessel). 
The question raised by Hermann [I leave here undiscussed. 

Nor is the statement perfectly accurate which Rollett makes at 
page 333 of the Manual already often mentioned: “Sie (die Schwere) 
kann zwar zunichst auf die Bewegung des Blutes keine Wirkung 
ausiiben, wohl aber auf die Vertheilung und dadurch mittelbar auf die 
Bewegung. Sie begiinstigt die Entleerung absteigend und beeintrach- 
tigt die Entleerung aufsteigend verlaufenden Venen.” There can, 
however, be no question of an assistance or obstruction to the empty- 
ing of the veins. If the state of equilibrium is present in the blood- 
current, the blood-vessel, whatever its direction, is nowhere either 
ewptied or filled. A current is flowing through the blood-vessel; and, the 
cardiac action remaining the same, it is only the lumen which exercises 
an influence on this current. At the moment that the extremity is 
moved, for instance, upwards, we may speak of an emptying of the 
blood-vessels, because at this moment on D, becoming smaller, the 
capacity of these blood-vessels is diminished; and, conversely, at the 
moment the extremity is placed lower, we may speak of an obstruction 
to the stream, because the capacity is then enlarged, and thus a certain 


A 
4 
4 
| 
g 
4 
i 
4 
im 
: 
4 
3 
fas. 
= 
| 
er 3 
y 
} 
q 
7 
| 
| 
| 
? 
ae 
ig 4 
4 
' 3 
4 
4 
re 
| 
4 | 
4 
§ 


® ® 
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quantity of blood is detained. But this continues only as long as the 


' lumen changes, in consequence of changes in Z,, that is to say, so long 


as the moving of the extremity lasts. 
Only during the change in lumen does such a forcing or suction of 
blood take place as we have discussed above. If the extremity be kept 


-_low, this will, as I have already said, be even favourable = the blood- 


current, because the vessels become wider. 
Such a widened state of the blood-vessels will exercise an influence 


on the blood-current, disregarding changes in resistance, only when the 


increase of capacity is so great, that thereby such a large quantity of 
blood is withdrawn from the remaining part of the vascular system that 
the mean tension over the whole of this system visibly decreases (see 
above). Hence it may be explained that, for instance, under some 
circumstances, anaemia cerebri arises, when the body is suddenly changed 
from a horizontal into a vertical position. | 

Cohnheim expressed himself very inaccurately when he said on 
p. 141 of his “ Vorlesungen iiber allgemeine Pathologie, 2te Aufi.: Dass 
der Name der Senkungshyperaemie falsch ist, liegt auf der Hand: 
wenn die betreffenden Theile mehr Blut enthalten, als in der Norm, so 
kommt das nicht daher, dass dasselbe in besonders reichlicher Menge in 
sie hineingesunken ist, sondern davon, dass es nicht, der Schwere 
entgegen, in gehdriger Menge hinausbefordert wird.” In my opinion 
“Senkungshyperaemie” is a very correct name, which most accurately 
indicates the condition. Just before, p. 140, Cohnheim has said: 
“Welche Mittel der Organismus dazu verwendet, den Widerstand der 
Schwere zu tiberwinden, ist Ihnen bekannt.” What Cohnheim meant 
by “ Widerstand der Schwere” is rather obscure. 


We have hitherto always spoken of one circuit of the blood. The 
blood, however, makes two such circuits, one through the body, and one 
through the lungs. From the anatomical relations, and the simultaneous 
action of the left and the right heart, it follows that what we have said 
of one circuit is also applicable to the other. The principle remains 
true with respect to both circuits, that through every section of the 
vascular system in both circuits just the same quantity of blood 
must flow in the unit of time, if the state of equilibrium is to be 
preserved. Hence it follows, that changes in the blood-current in one 
circuit must react on that in the other, in other words that the current 
in one depends on that in the other. 

If the rate of the left heart changes, the rate of the right heart 
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is similarly changed. The description which we have given above of © 
the effects in one circuit will thus be the same for both. The same is 
applicable when 'Q, or the force of the systole changes. Whatever | 
change may arise, the circulation, in the long run, is only possible 
when, if nQ blood per minute is transmitted by the left heart, the 
same quantity is also transmitted by the right heart. 

The dependence of one circulation on the other appears most 


_ distinctly upon a change of resistance in one of the two. As soon as, 


the cardiac action remaining the same, the quantity of blood which 
flows through a section of the vascular system changes in consequence 
of changed resistance, this must influence not only the flow in the 
circuit in which this changed resistance occurs, but also that in the 
other circuit. 

Under physiological circumstances varied resistances constantly 
occur in the blood-vessels of the lungs during respiration. These — 


_ changes must react on the systemic circulation. I will, in conclusion, 


dwell on these matters. 


TIL On the influence of respiration on blood-pressure. 


I have just said that the resistance which the blood meets with in 
its circulation through the lungs constantly changes during respiration. 
As soon as the resistance in the pulmonary vessels increases, the h ydro- 
dynamic pressure, as follows from what has been said, will increase in 
the vessels which convey the blood to the lungs, the arteriae pulmo- 
nales, and decrease in the vessels which carry off the blood, the venae 
pulmonales. Owing to this increased resistance less blood will flow 
through the lungs, and nQ will thus become smaller. If nQ becomes 
smaller in the pulmonary vessels, this must also be the case in the 
systemic vessels. 

We have seen above (Part If.) what is the effect in a simple circuit, 
(the systemic circuit) when nQ becomes*smaller without the resistance 
in the vascular system of the body being anywhere increased. We have 
seen that the pressure in the arteries will fall, while that in the veins 
will rise. Hence it follows that the resistance in the pulmonary vessels 
being increased the arterial pressure in the body will fall, and the 
venous will rise. The resistance in the pulmonary vessels being 
diminished the arterial pressure will on the other hand rise, and the 
venous fall. Since upon increase of resistance in the pulmonary vessels 
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nQ decreases, either n or Q must become smaller. Since n under these 
circumstances may remain the same, e.g. after section of the vago-sym- 
pathetic nerves Q is the factor that must change. Hence, upon increase 
of resistance in the pulmonary vessels, less blood will be transmitted at 
every systole, and upon decrease of resistance more. These variations in 
Q continue only until a new equilibrium has arisen, upon which nQ, 
either < or > nQ, again flows through constant. 7 

Another matter, which must be noticed during respiration, is the 
accompanying change in the capacity of the pulmonary vessels, We 
have already seen that, if the capacity of any area of the vascular — 
system becomes smaller, a quantity of blood is expelled from: that area, 
and if its capacity becomes larger a quantity of blood is drawn into it. 
Hence, if the capacity of the pulmonary vessels becomes smaller, blood 


_ will be expelled from them into the systemic vessels and the tension in | 


the latter will thus increase; on the other hand if the capacity of the 
pulmonary vessels is enlarged, the tension in the systemic vessels will 


decrease. 


Seeing now that during respiration periodical variations occur in 
the resistance and capacity of the pulmonary vessels, the systemic 
circuit will periodically feel their influence. The periodical. variations 
perceptible in the blood-pressure in the systemic vessels are called the 
respiratory oscillations of the blood-pressure. 

From these periodical variations in the resistance and saaneity of 
the blood-vessels, we may of course deduce a mean resistance and a 
mean capacity. The quantity of blood which in consequence of this 
mean resistance flows through the pulmonary vessels, will, caeteris 
paribus, determine the mean hydrodynamic pressure in the systemic 
arteries and veins. The mean capacity will determine the quantity of 
blood which the pulmonary vessels on an average contain, and thus 
the quantity which is present in the systemic vessels; seeing that the 
mean tension in the vascular system depends on the quantity of blood 
in the systemic vessels, the mean capacity of the pulmonary vessels will 
thus determine the mean tension in the vascular system. 

Now, since, in the different modes and forms of the respiratory 
movements, the mean resistance and capacity are not always the same, 
it follows that the modes and forms of the respiratory movements 
exercise an influence on the mean hydrodynamic pressure, and on the 
mean tension of the vascular system. 

We shall, therefore, successively consider: (a) the respiratory oscilla- 
tions of the arterial blood-pressure, are the respiratory oscillations of 
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the venous blood-pressure, (c) the influence of respiration on the mean 
blood-pressure. 

(a) On the respiratery oscillations of the arterial blood-pressure.— 
With respect to these oscillations I can be very brief, since I have 
previously published numerous experiments on this subject and the con- 
clusions which may be drawn from them’. I will now content myself 
~ by briefly enumerating the factors, which have been given as causes of 
these oscillations, and indicate which of them are really of influence. — 
As causes of these oscillations we find indicated : 

1st. Variations in the blood-current in the lungs; 

2nd, Variations in the lumen of the thoracic aorta under the 
influence of the variations of intra-thoracic pressure ; 

8rd. Variations in the lumen of the abdominal vessels under the 
influence of the variations of intra-abdominal pressure ; 

4th. Variations in the magnitude of the cardiac systole (therefore 
in Q) under the influence of the variations of intra-thoracic pressure ; 

5th. Variations in the frequency and magnitude of the cardiac 
systole (therefore in n and Q) brought about by nervous influences ; 

6th. Variations in the lumen of the smaller arteries owing to 
variations of tonus brought about by nervous influences. 

Factor 6, which Schiff deemed of the utmost importance for the 
respiratory oscillations of the arterial blood-pressure, Kuhn? has not 
only disputed but totally refuted. In my treatise “ Welchen Einfluss 
hat die Abdominal-Respiration auf den arteriellen Blutdruck?”* I have 
fully treated of factor 3, and shown that, with a normal mean blood- 
pressure, this factor exercises no perceptible direct influence on the 
arterial blood-pressure, The variations of intra-abdominal pressure 
during respiration exert an influence.only on the lumen of the veins 
in the abdomen, and thus act in an indirect manner only on the 
arterial. blood-pressure. We shall presently return to this subject. 
Factor 2 has no more influence than factor 3, as appears from what is 
stated in the same memoir. Factor 5 has unquestionably an influence. 
_ As I have observed in the memoir cited, we need only to compare with 
each other the curves of the arterial blood-pressure when the vago- 


1 On this subject consult my articles in Pfliiger’s Arch. Bd. xx, xxv, xxx1m1, and xxxv1; 
Arch. Neerl, T. xx, and xx. I also beg to refer the reader to these articles for the litera- 
— ture on this subject, 

"Kuhn. “Over derespiratie schommelingen der slagaderltjke bloedsdrukking.” Amster- 
dam, 1875, 

3 Pfliiger’s Arch. Bd. xxxut. 
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sympathetic nerves are intact and when they are cut, to be directly 
convinced of this; but it also immediately appears from this comparison 
that variations of cardiac action cannot be the fundamental cause of the 
oscillations, but merely an accessory factor. It is precisely when the 
cardiac action after section of the vago-sympathetic nerves remains the 
same during the different phases of respiration, that the oscillations in 
the arterial blood-pressure, with respect to these phases, are most 
distinctly indicated. Factor 4 I have also previously discussed. This 
may not be altogether void of influence, yet under normal circumstances 
it is unquestionably not more than one of the accessory causes, The 
variations of pressure on the outer surface of the heart are in normal 
respiration slight, only a few mm. Hg. Now, if we consider with what 
a great force the systole is effected, viz. how great is the pressure which 
is thereby exercised on the blood in the ventricles’, it follows of itself 
that variations in the pressure on the outer surface of the heart can 
have but a very slight influence. The same statement, though to a less — 
extent, is also applicable to the diastole. The negative pressure which, 


during this period, we observe in the ventricles, proves the great force 


with which the diastole is effected. The negative pressure in the 
thorax forms thus but a small subordinate part of the cause which 
effects this aspiration in the heart. This is also proved by the fact, 
that, when the thorax is open, a great negative pressure may still, under 
favourable circumstances, be indicated in the ventricle during the diastole, 

I have refrained from making experiments to ascertain whether this 
factor has any perceptible share in effecting the oscillations; and I have 
done so for the reason, that the pressure in the right ventricle would 
have to be registered at the same time with the carotid pressure, and 
these would have to be compared with each other during the different 
phases of respiration. To these experiments themselves there can be 
no objection; but we should then get on the recording surface a certain 
mean of the ventricular pressure, which mean depends on the magni- 
tude of the maximum and minimum pressures occurring in the ventricle, 
and on the time during which each of these pressures obtains there. 
It seems to me that it is not possible to trace to what extent each of 
these factors operates in this matter, and without this we cannot explain 
the variations in the mean pressure in the ventricle, which are indicated 
by the manometer. 

We may assume that there i is an influence auevced on the auricles 


1§.deJager. ‘Ueber die Saugkraft des Herzens.” Pfiiger’s Arch. Ba. xxx. 
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by the variations in intra-thoracic pressure. The auricles may in fact be 
considered as terminal expansions of the great veins. Dilatation of the 
left auricle, for instance, in consequence of a variation in intra-thoracic 
pressure will add to the dilatation of the pulmonary veins, and thus act 
as increase of the capacity of the pulmonary vessels. Hence, with respect 
to the arterial blood-pressure, we have not to consider the influence of 


the auricles separately, but may suppose them to be parts of the veins. 


Thus, there is left as the real cause of the origin of the respiratory 
oscillations ‘in the arterial blood-pressure : 

The variations in the blood-current in the lungs during respiration.— 
There may be accessory, or occasional circumstances, which cause slight 
modifications in this influence, but the above-mentioned variations 
always remain as the fundamental cause. 

I have previously shown that the curves of the arterial blood-pressure 
is the resultant of the curves of capacity and of rapidity of flow. (Capa- 
citéts und Stromgeschwindigkeits curven). A rise or fall in the arterial 
blood-pressure in consequence of variations in the capacity of, or in the 
resistance in the pulmonary vessels, must therefore be considered in the 
way I have explained at the beginning of this chapter. 

I will now merely state, as a very short résumé, how the two curves 
mentioned are related in the different modes of respiration, and enume- 
rate the circumstances which may influence their occurrence. 


1, Every increase in the capacity of the pulmonary vessels causes a fall 
in the arterial blood-pressure, 
Every decrease in the capacity of the pulmonary vessels causes a rise in 
the arterial blood-pressure, 
Every increase of resistance in the pulmonary vessels causes a. fall in the 
arterial blood-pressure. 
Every decrease of resistance in the pulmonary vessels causes a rise in the 
arterial blood-pressure. 
2. The different modes of respiration are : 
a. Normal respiration, 
8. Artificial respiration (by means of a pair of bellows), 
y. Respiration in rarefied or compressed air. 
3. During these respirations : | , 
During normal respiration During artificial respiration — 
The capacity The resistance The capacity The resistance 
: becomes becomes 
during inspiration , larger less, smaller greater. 
during expiration { smailer greater. larger less, 
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~ The variations in the blood-current in the lungs in y are composed 


of those in a and 8, because, as I have previously shown’, the factors 


active in a and 8 both occur simultaneously in +. 
4th. The longer the suspense (the pause) between two phases of 


respiration lasts, the more forcibly do the effects of the changed 
resistance (the curves of rapidity of flow) occur in the arterial blood- 


pressure. The more rapidly each respiratory movement takes place, the 
more forcibly will occur the effects of changes in the capacity (the curves 
of capacity) during this phase. | 

I need not now more fully describe the different forms of the curves 
of blood-pressure, as resultants of the curves of capacity and rapidity of 
flow. It would be merely a repetition of facts previously published. It 
already appears from the above statement that the variations, which may 
occur in the forms of the oscillations of blood-pressure, are very nume- 
rous, because there are so many circumstances which can exercise an 
effect on the circulation in the lungs. | 

I need not now consider what influence the opening of the abdomen 
may exercise on the oscillations; what oscillations may occur in the 
arterial blood-pressure as the result of variations in pressure artificially — 
caused in the abdomen; what difference exists between the form of the 
curves of the blood-pressure during artificial respiration according as 
the thorax is closed or open; what influence the mean tension in the 
vascular system exercises on the form of the oscillations ; what we are 
to understand by the “retard” etc. 

b. On the respiratory oscillations in the venous blood-pressure.—To 
ascertain these I determined the pressure in a jugular at the same time 
with that in a carotid, in the manner described above, and examined 
the oscillations under the different circumstances under which I had . 
previously examined the oscillations in the arterial blood-pressure only. 

As I have already said above, an increased resistance in the 
pulmonary vessels which occasions a fall in the arterial blood-pressure, 
must cause a rise in the venous pressure, and wce versd. With 
respect to the influence of the variations of resistance in the pulmonary 
vessels, the oscillations in the arterial and venous pressure will thus run 
in opposite directions, 

Variations in capacity of the pulmonary vessels will, however, 
exercise the same influence on arterial and venous blood-pressure. 
Increase in capacity of the pulmonary vessels causes the tension to 
decrease all over the vascular system, decrease in capacity causes this 

| 1 Pfliiger’s Archiv, Bd. xxxvt. 
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tension to increase. Increase in capacity of the pulmonary vessels will 
thus effect a fall, and decrease a rise _— ore as in the 
venous pressure. 

The greater the variations in the pulmonary sdesititels the more 
extensive will be the oscillations in the venous pressure. Only during 
artificial respiration are we able to cause these variations to occur 
arbitrarily in different degrees. 

Other circumstances besides variations of the circulation in the 
lungs may influence the venous pressure. We will, therefore, first treat 
of the very simplest case, viz. that in which artificial respiration is 
applied to a curarised dog, after section of the vago-sympathetic nerves, 
and with the thorax and abdomen opened. We can here, at pleasure, 
regulate the rapidity and form of the respiratory movements, and 
introduce pauses at will. In this kind of respiration it is, of course, 


only the pulmonary circulation, that is of influence on the arterial and 


venous blood-pressure. 

For these experiments I again use the same apparatus that I have 
already described’. Of the many cases Fig. 1, Pl. VII. is an example. 
It represents the curve of blood-pressure in the right carotid, and left 
jugular of a curarised dog of 63 kl. The vago-sympathetic nerves are 
cut, the thorax and abdomen opened. | 

From this curve it appears most clearly that the oscillations in the 
carotid and jugular run exactly in opposite directions. We see in the 
carotid during expansion first a little rise and then a fall, during the 
collapse first a fall and then a rise; in the jugular, during expansion, 
principally a rise, during collapse seinnclly a fall. 

I purposely do not mention separately the initial variation in the 
jugular curve at every phase, because I have convinced myself, my con- 
clusions being based on the study of many curves, that in the jugular 
as in the carotid we have to do with a “retard”, i.e., that the variations 
in the curve which are the effect of a phase of respiration, do not begin 
immediately but only some time after this phase has set in. Nor can 
we indicate in the jugular how great this “retard” is, but, just as in 
the carotid, it is certainly not under all circumstances equally great. 

An initial variation, such as is often observed in the carotid curve 
and also in the curve Fig. 1, a variation which is the expression of the 
variation in the capacity of the pulmonary vessels, cannot be observed 
in the jugular curve, because the curves of capacity and rapidity of flow 
must there occur in the same direction. In the jugular pressure a rise 

1 Pfiiiger’s Arch, Bd. xxxv1, 
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occurs on expansion, and a fall on collapse, and these oscillations appear 
most clearly, as the curve shows, when the expansion and collapse take 
place with a long pause between each. If we look at the first and the 
last part of the curve, where the phases of respiration were effected 


- without any distinct pause, we see exactly how the “retard” causes 


the variation resulting from a phase to delay its appearance until the 
latter part of the phase, nay, even sometimes causes the reverse to 


appear. We see at a only a rise during the collapse. That this rise 


proceeds from the previous expansion is — paren from the 
other parts of the curve. = 

The figure is in fact the proof of the influence of the pulmonary 
circulation on the venous blood-pressure; it shows that the curves of 
the rapidity of flow in the carotid and jugular really run in opposite 
directions. 

If we compress the jugular on the capillary side of the T piece, and 
thus determine the pressure in the vena cava sup., the oscillations 
preserve the same form, while the mean pressure is lower. We then 
obtain the oscillations in the pressure of the vena cava sup. 

If, on the other hand, the jugular. is compressed between the T piece 
and the heart, the oscillations in most cases disappear from the curve. 
Sometimes, however, oscillations remain in it, but we then see, what is 
very characteristic, that, with respect to the phases of respiration, they are 


now exactly opposed to those which were present before the compression. 


We see now in the curve of the jugular pressure during expansion a 
fall, during collapse a rise, in other words, the oscillations in the carotid — 
and jugular now run parallel. These oscillations are never very extensive. 
When they were absent, I could sometimes cause them to appear by first 
reducing the jugular-manometer to its zero-point and then opening its 
cock, by which means a steady rise is occasioned in it (See Part IT). 
If during this steady rise artificial respiration is carried on, we see 
that the rise’ becomes less steep during the expansion, while during the 
collapse it becomes much steeper. Hence when the jugular is closed 
between the T piece and the heart, and there are no oscillations visible 
in the curve, the cause of this must be sought in the valves of the veins, 
which impede the reflux of the blood and thus the fall in the manometer. 
The manometer in connexion with these valves and veins may in fact be 
considered as equivalent to a maximum manometer. | 
That, if there are oscillations, these run in a direction opposite to 
those which occur when the jugular is not closed, is, of course, owing to 
the fact, that the jugular in this case is again to be considered pretty 
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much as a prolongation of the artery, and the jugular manometer 
consequently executes oscillations along with those in the arterial 
pressure. 

During artificial respiration, when the thorax is still closed, the same 
oscillations occur in the carotid and jugular as when the thorax is open. 
I have previously discussed what is the influence exercised on the 
pulmonary circulation by artificial respiration when the thorax is 
closed, and have argued that some modifications then occur in the 
carotid curve in consequence of this circulation being thereby somewhat 
modified. These modifications are with respect to the jugular so slight, 
that we scarcely perceive the difference hetween a curve which is taken 
when the thorax is closed and one taken when it is open. Yet when 
the thorax is closed, the varying intra-thoracic pressure of the artificial 
respiration must exercise an influence on the lumen of the large veins 
and of the auricles. During expansion these must become somewhat 
narrower and during collapse somewhat wider. ‘During expansion blood 
will thus be expelled from the veins of the thorax, and the resistance to 
the flow of blood will at the same time be there increased. Seeing that 
the jugular is situated outside this seat of narrowing, the pressure in 
it must under both circumstances be increased. The rise in the jugular 
pressure during expansion which is the effect of the change in the 
circulation in the lungs themselves, will thus be increased by the 
narrowing of the veins in the thorax, both during expansion and during 
the subsequent pause. 

_ The narrowing of the veins in the thorax, while it is taking place, 
will be favourable to the carotid pressure, but the pause of expansion 
will occasion a fall. Thus here the changes in the lumen of the veins 
in the thorax will only contribute to increase the already existing 
curves of capacity and rapidity of flow. In the case both of the jugular 
and carotid this always remains, compared with the effects of the 
circulation in the lungs themselves, a secondary matter. 

It is further clear that, if the inflation is effected by means of a 
very strong, positive tracheal pressure, the diastole of the heart will be 
thereby obstructed, and the fall in carotid, and the rise in the jugular, 
will be still further increased. In what exact way this factor exerts its 
influence on both blood-pressures cannot however be proved by direct 
experiment. 

If we consider what takes place during normal respiration, we 
know that the changes in the pulmonary circulation are diametrically 
opposed to those which occur during artificial respiration (by means of 
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positive tracheal pressure), and I have already discussed how the 
oscillations in the carotid pressure are diametrically opposed to each 
other in both cases. The same rule is applicable to the oscillations in 
the jugular pressure. 

Let us take an example, Fig. 2, Pl. VII. It represents the curves of 
the blood-pressure in the right carotid and the left jugular of a dog of 
19 kgrm. in morphia and chloroform narcosis, on which tracheotomy had 
been performed, and the vago-sympathetic nerves had been cut. 

We see here in the carotid, during inspiration, first a slight fall and 
then a rise (the fall is sometimes wanting), during expiration first a . 
slight rise and then a fall; in the jugular, during inspiration a fall, 
_ during expiration a rise, preceded by a slight fall. 

In the carotid curve the usual curves of capacity and rapidity of 
flow again occur; the curves of the rapidity of flow preponderate ; 
sometimes, during inspiration, the curves of capacity are even wholly 
wanting. The respiratory movements here occurred rather rapidly. 
The expiration succeeded = to the inspiration and after 
every expiration a pause ensued. I therefore need not enter into 
further explanation of this carotid curve. 

The oscillations in the jugular pressure in this case, during normal 
respiration, also run exactly opposite to those in the carotid pressure. 
As appears from the curves, there is, during inspiration, hardly any 
“retard”; during expiration, however there is a certain “retard’.” The 
changes in the lumen of the large thoracic veins and of the auricles, 
under the influence of the varying intra-thoracic pressure, have also to 
be taken into account here during normal respiration. Both during the 
widening of these veins with the inspiratory movement, and during the 
time they are widened during an inspiratory pause, a fall in the jugular 
pressure will be occasioned ; and conversely, during expiration, and the 
ensuing pause, a rise is occasioned in this pressure. The oscillations in the 
jugular pressure caused by the pulmonary circulation are thus somewhat — 
enlarged by these accessory circumstances, These circumstances will 
also be advantageous to the curves of capacity and rapidity of flow in 
the carotid pressure. 

I have already in a previous memoir spoken of the influence of the 
abdominal respiration on the venous blood-current. I have since tried 

to trace this influence by means of experiments. The effect of this 


1 The oscillation occurring at a in the carotid pressure was due to a very superficial 
respiratory movement, which, as appears from the curves, had no influence on the jugular 
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influence is obtained in all its purity, if in a curarised dog, after section 


of the vago-sympathetic nerves, the thorax is opened while the abdomen 


remains closed. The animal is then by means of O brought into apnoea, 
and while the artificial respiration is suspended, the abdomen is from 
time to time pressed upon. If the animal has not suffered too much 
under all these manipulations, so that the mean arterial pressure is still 
high, then comparatively slight pressure on the abdomen produces no ~ 
effect either in the jugular or in the carotid. An effect is apparent 
only when a strong pressure is exerted on the abdomen. 

With respect to this pressure I must observe, that compressing the 
abdomen, and so lessening the abdominal cavity, does not always 


produce the same changes in the amount of the intra-abdominal 


pressure. I have previously shown that this depends on the tension of 
the abdominal wall, which is in turn dependent on the intestines being 
more or less full. 

In the jugular pressure we see a rise while the shdosiin: 3 is being 


compressed and a fall when the pressure is removed. Figure 3 gives us 


an instance of this. It is taken from a dog of 134 kgrm. which was 
prepared in the manner described above. It represents the curves of 
pressure in the right carotid and the left jugular. In the figure we see 
in the jugular pressure the effect just mentioned. But what we observe 
in the carotid pressure is also of the greatest importance. We still 
really see oscillations here in the carotid pressure. We see at first 
a rise in the carotid pressure when the abdomen is compressed, after 
which the curve keeps at the same height. On the pressure being 
removed from the abdomen a fall in the carotid pressure takes place, 
after which the curve keeps the same height. How are these oscilla- 
tions to be explained ? 

I have previously shown that even on great pressure being exerted 
on the abdomen the lumen of the aorta abdominalis undergoes no 
changes leading to perceptible variations in blood-pressure. We shall 
therefore not discuss this matter here. The variations we observe in 
both blood-pressures must originate in changes in the lumen of the 
small and large veins in the abdomen under the influence of the 
heightened intra-abdominal pressure. These veins must be thereby 
narrowed. The consequence of this must be that a certain quantity of 
blood is expelled from them to the other parts of the vascular system, 
thus increasing the tension both in the arteries and veins, We cannot 
compare this condition to that which arises when we close or narrow 
a limited portion of the vena cava inf, In this latter case the resist- 
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ance at the part narrowed increases, but the diminution in capacity 
which takes place is slight, on account of the portion of vein nar- 
rowed being very short, and the blood which is thereby expelled is 
insufficient to lead to any perceptible change in tension. On the 
contrary all veins up to the place narrowed will be greatly widened, 
and the capacity there will thus greatly increase, so that there must 
occur a decrease of tension in the vascular system; we therefore see, as 
I have shown in Part II, a fall in the pressure in the carotid and 
the jugular. Upon increase of intra-abdominal pressure, however, all 
the veins in the abdomen are narrowed, the capacity thus becomes 
smaller, and a rise in pressure in the arteries and veins must ensue. 

‘That the pressure in the carotid, as appears from Fig. 3, increases 
more than in the jugular must be explained by the fact, that the 
heightened resistance arising in the abdominal veins will favour the 
elevation of pressure in the carotid, but hinder that in the jugular. 
Hence, the rise in carotid pressure due to powerful compression of 
the abdomen, is not followed by a fall. Sometimes indeed we observe 
a faint inclination to fall, for instance, at a and at b in Fig. 3. We must, 
however, remember that it is very difficult to exercise with the hand a 
pressure on the abdomen which shall be absolutely constant. We 
may very well assume, that the intra-abdominal pressure decreased 
here, because the pressure on the abdomen did not remain the same. 
If we suddenly press on the abdomen, so that the blood is, as it were, 
expelled with a shock from the veins, the steepness.of the rise in the 
carotid pressure is much more marked, and after this a fall ensues. 
This is, however, a simple mechanical effect of the great blood wave 
which arises in the vascular system. 

I must further observe, how small is the extent of the oscillations in 
the jugular, and what a great difference in extent arises, if we press on 
the abdomen when the thorax is still closed, as may be seen in Fig. 4. 
We shall presently return to this subject. 

It follows from the above that if, during normal respiration, the 
intra-abdominal pressure varies, its influence on the blood-pressure is 
slight, because the variations which then occur in the abdominal-pres- 
sure are also slight, as I have previously shown. The influence that 
might be exercised would-be a narrowing of the veins by means of 
which the tension throughout the vascular system would increase. 
Owing to the presence of the valves in the veins, and the alternating 
increase and decrease of pressure both in the abdomen and thorax, the 
venous blood-current will be promoted by respiration. This I previously 
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expressed by saying that these alternating pressures in connection with 
the system of valves operate as a force-pump and suction-pump on 
the venous blood. 

If in a curarised dog the thorax and abdomen are not opened, 
oscillations occur in the carotid and jugular, after section of the vago-. 
sympathetic nerves, on pressing the abdomen, even although the pressure 


exerted may be slight. Figure 4 represents the curves of blood-pressure 


in the right carotid and the left jugular of a dog of 11 kgrm. pre- 


pared in this way. From the curve of the carotid pressure it is plainly 


evident that the oscillations in it are occasioned by the expirations and 
ensuing inspirations, brought about by the pressing on the abdomen. 


‘ These will lead to the usual variations in the pulmonary circulation. 


The oscillations in the jugular curve also owe their existence to the 
same variations. ‘The rise in jugular pressure, while the abdomen is 
being pressed on, is the same as that which arises as the result of an 


expiration, because it is really the effect of an expiration, caused by the 


pressure. So also the fall in the jugular pressure, when the abdomen is 
released again, is the effect of the inspiration which then takes place. 
We have only to compare the curves of Fig. 4 with those of Fig. 3, 
to observe the great difference between them, both in the jugular and 
carotid pressure. It speaks for itself that on powerful compression of 
the abdomen the events discussed in Fig. 3, and in Fig. 4, will all occur. 
It is only by a great number of experiments, of which the cases 
mentioned are a few instances, that I have been led to the explanations 
given above. We must exercise the utmost caution in explaining what 
we observe in the jugular pressure, because a variation in this pressure, 
as has now been made clear, may depend on such an infinite number of 
circumstances. It is absolutely necessary that, in judging of variations 
in the venous pressure, we should at the same time also observe what 
happens in the arterial pressure. Especially so, since in the curve of 
the venous pressure, we do not meet with a curve of capacity and 
rapidity of flow, as we do in that of the carotid, where these factors act 
in contrary directions on the mean blood-pressure ; hence the phenomena 
in the venous pressure do not occur nearly so distinctly as they do in 
the carotid. Many other circumstances too, with which we have now 
made acquaintance, if they occur simultaneously, act in the same direc- 
tion on the jugular pressure. | 
The oscillations in the jugular pressure during respiration thus run 
in a direction opposite to those in the carotid pressure, if they owe 
their existence to changes in resistance occurring during respiration, 
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whether these changes originate in the pulmonary vessels (the chief 
factor) or somewhere in the large veins between the capillaries and the 
place where the venous pressure is determined. Changes in capacity, 
however, whether in the pulmonary vessels (again the chief factor) or 
somewhere in the systemic vascular system, if they occur during the 
respiration, will influence the carotid and jugular pressure in ses same 
way: 

This same principle appeared very plainly also in an anatlanent in 
which I accidentally observed oscillations in the carotid and jugular 
pressures, the origin of which had no connection with respiration. 
In the carotid pressure of a curarised dog of 74 kgrm. with thorax and 
abdomen closed, I observed splendid Traube-oscillations, The artificial 
respiration was shallow in character, and tolerably frequent. These 
Traube-oscillations embraced several respiratory oscillations, The as- 
cending line of such a Traube-oscillation in the carotid pressure was 
accompanied by a descending line in the jugular-pressure, and the 
converse. During the rapid respiratory movements respiratory oscilla- 
tions were observable in the carotid pressure, but not in that of the 
jugular. If the respiration was suspended, the respiratory oscillations 
of course disappeared from the carotid pressure, but the Traube-oscilla- 
tions continued both in the carotid and jugular. It thus appears from 
this experiment that if Traube-oscillations occur in the carotid pressure, 
they also occur simultaneously j in the jugular pressure, but that these 
oscillations run in opposite directions in the two pressures. | 

I also made some experiments for the purpose of ascertaining the 
influence of respiring condensed or rarefied air. The experiments were 
made in the manner I have already described’, with this difference 
only, that the pressure in the jugular also was now registered. In that 
article I explained how the oscillations in the arterial blood-pressure 
may assume a great many forms, and may be composed of the curves of 
capacity and of the rapidity of flow, appearing during normal and 
artificial respiration. This is also applicable to the oscillations which, 
under these circumstances, we see occurring in the jugular pressure. 
As both during normal respiration and during that produced by in- 
flation, the oscillations in the jugular run in an opposite direction to 
those of the carotid, so also we see the same thing occur during respira- 
‘tion of condensed or rarefied air. Just as in the carotid pressure so also 
in the jugular pressure the oscillations assume many different forms 
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according as condensed or rarefied air is applied, whether during both 
phases of respiration, or, during one only, or, according as the conden- — 
sation or rarefaction operates more or less quickly in accordance with 
the rapidity of the respiratory movements. Yet the forms of the 
oscillations in the jugular pressure are not so diverse as in the carotid 
pressure, because the curves of capacity and of the rapidity of flow 
always occur in the same direction in the jugular. It is of course 
unnecessary, when we once know these relations, to enumerate the 
different forms of the oscillations in the jugular pressure. 

_ These experiments were of great importance in ascertaining the 
relations of the mean blood-pressure during these different modes of 


respiration, We will in conclusion occupy ourselves with this matter. 


c. On the influence of respiration on the mean blood-pressure.— 
From what was said at the opening of this chapter it follows that the 
mean pressure in arteries and veins depends on the mean capacity and 
the mean resistance in the pulmonary vessels, With an increase in the 
mean capacity of the pulmonary vessels, the mean tension in the blood- 
vessels of the body will be less, and with a decrease in the capacity, 
greater, The influence of the mean capacity is the same on arterial and 
venous pressure. 

- With an increase of the mean ‘resistance in the pulmonary vessels, 
the hydrodynamic pressure will be lower in the arteries, and higher in 
the veins; with a decrease of the mean resistance it will be higher in 
the arteries and lower in the veins. My previous experiments have 
taught me with respect to the capacity and resistance in the pulmonary 
vessels, that the capacity is the largest, the resistance the smallest in 
normal respiration; that the capacity is the smallest, the resistance the 
greatest when the lungs are artificially inflated. Let us tabulate the 
different states in which the lungs may be, in such an order of succes- 
sion, that we begin with that state in which the capacity is the 
largest, and the resistance the smallest, and conclude with that in 
which the capacity is the smallest, and the resistance the greatest. 
Such table is then as follows: | 

1. State of normal inspiration, 

2. State of normal expiration, 

3. State of total collapse of the lungs, the Pa being open, 

4. State of expansion of the lungs by inflation, the thorax being 
open. 

5. State of expansion of the lungs by inflation, the thorax being 
closed. 
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(In cases 4 and 5 the lungs are supposed to be in the same degree of 
expansion.) 

From this sequence it follows that, as far as the capacity of the 
pulmonary vessels are concerned, the tension in arteries and veins will 
be the smallest during the state of normal inspiration, and the greatest 
during the state of expansion of the lungs by inflation with the thorax 
closed. 

As, however, appears from the experiments the resistance in the 
pulmonary vessels exercises a much greater influence than does the 
capacity, In every pause the curve of the rapidity of flow, except in 
peculiar circumstances, far surpasses in extent the curve of capacity, 
which has arisen during the previous respiratory movement. As to 
the result of this resistance, the arterial pressure will be the highest, 
the venous the lowest during the state of normal inspiration; the 
arterial pressure will be lowest, the venous highest during the state 
of expansion of the lungs by inflation, with the thorax closed. 

The mean pressure, whether during normal or artificial respiration, 
however, never results from the effect of one state of the lungs, but 
always from the combined effect of inspiration and expiration. Let us 
- confine our attention to the effects of the resistance in the pulmonary 
vessels; since these are of much greater importance to the blood- 
pressure, than those of the capacity, it again follows from the above 
table, that the pressure in the arteries will be highest and in the veins 
lowest during normal respiration, consisting of normal inspiration and 
normal expiration. If the normal respiration be superseded by an 
artificial one, with the thorax open, the mean pressure, if there be no 
other influence at work causing the pressure to vary, will be lower 
in the arteries, and higher in the veins, than during normal respiration. _ 
Since, however, when the thorax is laid open, other influences are 
always at work, such as cooling, impaired cardiac action, loss of 
blood etc., we had better compare the pressure during normal respira- 
tion with that during artificial respiration with a closed thorax. In 
this case, too, and even more so than when the thorax is open, 
the mean pressure in the arteries will be lower, arid that in the 
veins higher, than during normal respiration. 

To this fact I have already briefly referred’. I then stated that a 
curarised dog may be kept alive by taking a fold of the diaphragm 
between the fingers, when the abdominal cavity is open, and imitating 
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the respiratory movements. If, in an animal thus prepared, we keep 
up the respiration now by means of a pair of bellows and now 
again by diaphragmatic movements, we then see, as I have shown in 
the article alluded to, that the respiratory oscillations in the arterial 
blood-pressure are in these two cases diametrically opposed to each 
other, and also that the mean arterial pressure during respiration by 
means of a pair of bellows is lower than during diaphragmatic 
respiration. 

The normal respiration is thus the most favourable to. 
the circulation of the blood. With this mode of respiration the 
greatest quantity of blood will, in the unit of time, flow through 
every section of the vascular system. 

From the above table, however, we may draw further deductions. 
Seeing that state 1 is the most favourable and state 5 the least favour- 
able, the arterial pressure will be the highest, and the venous the lowest, 
the longer the lungs remain in a state more approximate to 1 or 
more remote from 5; the reverse will be the case, the longer the 
lungs remain in a state more approximate to 5. 

Thus during normal respiration the arterial pressure will be the 


| highest, the venous the lowest, when there are long inspiratory pauses. 


The longer the. expiratory pauses last, the lower is the arterial, the 
higher the venous pressure’. If expiration and inspiration succeed each 
other without pauses, the arterial pressure will then be higher and the 
venous lower, according as the last part of the inspiration and the first 
of the expiration take place more slowly, and the first part of the inspi- 
ration and the last part of the expiration more rapidly. ’ 

In the case of artificial respiration by means of inflation, whether 
the thorax be open or closed, the pressure in the arteries will be higher _ 
and that in the veins lower the longer the pauses of collapse last. If : 
the lungs each time remain long in an inflated state, the arterial . 
pressure will then be lower and the venous higher. If inflations and . 
collapses follow each other without pauses, the arterial pressure will be: 
higher and the venous lower, according as the first part, of the inflation 
and the last part of the collapse take place more slowly, and the las 
part of the inflation and the first part of the collapse more rapidly. 
With respect to the arterial pressure alone, I have already previously 
from time to time referred to instances of this. » | 


1 It must be borne in mind, that I constantly exclude varying cardiac actions caused 
by nervous influences, and thus suppose the vago-sympathetic nerves to be cut, or to be 
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In these considerations we have left unnoticed the influence of the 
capacity of the pulmonary vessels, because this compared to the influence 
of the resistance in the pulmonary vessels is of subordinate interest 
to the mean blood-pressure. If we take this influence into account, it 
will somewhat increase the effect which occurs in the venous pressure 
in consequence of the resistance in the pulmonary vessels, under the 
different circumstances; it will, on the other hand, somewhat decrease 
the effect in the avberill pressure. 

From a practical point of view these matters are of some im- 
portance. Under circumstances in which the circulation is bad, or has 
nearly ceased, and in which the respiration is suspended, we ought, 
in order to restore the circulation, to apply such a method that the 
lungs will be brought each time into a state most approximate to the 
state of normal inspiration. Inflation of the lungs will, in all coud 
cases, be detrimental to the circulation. 

From the above we may also explain how it is that the vinsdaiaile 
unpleasant feelings, which occur in anaemia cerebri, for a moment 
decrease or disappear when a deep inspiration is taken. This will really 
improve the arterial blood-current, and thus the circulation in the 

The effect on the mean blood-pressure of respiring condensed or 


_ rarefied air becomes very evident when we register simultaneously the 


pressure in the artery and vein. At the conclusion of my previous 
article on this \subject, I said that, if the degree of condensation or 
rarefaction applied is not too great, the mean arterial pressure hardly. 
changes. I then felt myself obliged to attribute this to the changes in 
cardiac action. Since, under normal circumstances, the heart does not 
act with its maximum force, a certain compensation is possible. It 
now appears to me, however, on simultaneously registering arterial and 
venous blood-pressure, that this compensation is less than I formerly 
imagined. In the presence of such extensive respiratory oscillations as 
occur during the respiration of condensed or rarefied air, it is with 
great difficulty that we can make out whether small variations occur 
in the mean arterial pressure. I therefore took only the approximate 
mean pressure, and always placed + in front of the numbers, which 
indicated the pressure. Besides, in-my previous experiments, I always 
attended more carefully “to the oscillations than to the mean pressure. 
When I thus determined the pressure in the veins as well as in the 
arteries, it appeared to me that the mean pressure changes, and that the 
heart is generally unable to: compensate for these changes with even 
PH. VI. 15 
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comparatively low degrees of condensation or rarefaction. It is of course 
possible that the variations in mean pressure might be partially com- 
pensated by changes in the tonus of the smaller arteries. Whether 
this really occurs I cannot ascertain from the experiments. — 

The effect of breathing condensed or rarefied air appears most plainly, 
- when we cause both respiratory phases to occur in it. When both in- 
spiration and expiration are carried on in condensed air, the mean pres- 
sure falls in the arteries and rises in the veins, If we disregard the 
influence of the capacity of the pulmonary vessels, this phenomenon is 
due to the fact, that in consequence of the increased tracheal, and thus 
also of the intra-alveolar pressure, the lumen of the pulmonary vessels 
is diminished, and consequently the resistance there becomes greater, 
than when the animal breathes under the usual atmospheric pressure. 

When both phases of respiration are carried on in rarefied air we 
obtain the reverse effect on the two blood-pressures, viz. a rise in the 
arterial and a fall in the venous pressure; but this effect, however, 
cannot always be distinctly observed; sometimes we do not see the 
least change in the mean pressure. The cause of this is to be sought 
in the fact, that the normal respiration is already the most favourable 
condition for the blood-current, and the rarefaction cannot make this 
condition any more favourable. When we cause the animal to breathe 


first condensed and then suddenly rarefied air, we see most distinctly. 


the difference between these two modes of respiration. In this case, 


the mean arterial pressure will on the transition greatly rise and the 


mean venous pressure will greatly fall. 

If during respiration the condensed air is applied in one of the 
phases only, the effect on the mean blood-pressure will then be less, than 
when this same degree of condensation is applied in both phases. Yet 
we then see the unfavourable influence of this factor on the blood- 
current; the mean arterial pressure falls and the venous rises. We see 
the same occur in a reverse sense, when one only of the phases takes 
place under the influence of rarefied air. © 

The degree of rarefaction, but especially that of condensation, has 
an influence on the magnitude of the variations in mean pressure 
similar to that which it exerts.on the extent of the respiratory oscil- 
lations. The same statement is also applicable to the greater or less 
rapidity with which the rarefaction or condensation operates in accord. 
ance with the greater or less rapidity of the respiratory movements. 
What has been said above with respect to the respiratory oscillations is 
applicable here also, viz. that the duration of the different phases, and 
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the duration of the action of condensation or rarefaction during these 
phases, are of influence. The longer, for instance, during a respiratory 
phase the condensed air has an opportunity to act, the more disadvan- 


__ tageous will this be to the blood-current. 


On the whole the rule may now be laid down, that, however we 


prose the condensed air to act during respiration, it will 


never be favourable, but always detrimental to the blood- 
current. If, with smaller degrees of the action of condensed air, we 
obtain no effect on the blood-pressure, because the heart compensates 
the influence by its increased action, then in this case greater expen- 
diture of energy is demanded of the heart. If this does not occur, 
there always ensues a fall in the mean arterial and a rise in the mean 
venous pressure. 

In all cases of weak cardiac action, or in general of bad siredlaiion, 
every application of condensed air is to be disapproved of. These 
applications may be useful in order to improve, afver an illness, the 
elasticity of the lungs, or to tear a slight pleuritic adhesion; we 
should, however, be very cautious, and never apply the condensed air 
otherwise than during inspiration. To weak persons—whose circulation 
is bad, owing to feeble cardiac action—any application of condensed 
‘air may prove a source of danger. With greater degrees of condensa- 
tion, we have to fear obstruction to the diastole of the heart ; especially 
if the cardiac action is already weak. 

The application of rarefied air, on the other hand, may be favourable 
to the circulation. If we wish to improve bad circulation due to im- 
perfect cardiac action, the application of rarefied air is to be recom- 
mended during expiration only. ‘The rarefaction will, indeed, during 
inspiration also promote the blood-current, but the forcible exertion of 


_ the inspiratory muscles, which is required to inspire this rarefied air, 


is not to be recommended for weak persons. While inspiration is ob- 
structed by the rarefied air, expiration, on the other hand, is facilitated 
by it. 

Let us also take into consideration the fact that variation in capacity 
may be favourable to circulation, but only when the condensed or 
rarefied air is applied, not constantly, but during one only of the respi- 
ratory phases. Precisely in consequence of this alternate application the 
variations in intra-thoracic and intra-alveolar pressure will be greater, 
and will thus lead to greater changes in the capacity of the pulmonary 
vessels, and of the great thoracic veins. In consequence of these 
changes in lumen, in connection with the system of valves in the veins 
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(the heart itself may in this case be considered as a valve at the end 
of the venous system) the blood-current will be promoted. These 
-variations will, as is already the case in ordinary respiration, act on 
the blood both as a force- and suction-pump. If the disadvantages of 
the action of condensed air, owing to the increased resistance in the 
pulmonary vessels, were of no importance, these changes in capacity 
might be favourable to the blood-current, but, as a matter of fact, their 
advantages are outweighed by the disadvantages of the increased re- 
sistance. As to the question during which respiratory phase these 
changes in capacity resulting from the application of condensed or rare- 
fied air will be favourable .to the blood-current, and during which they 
will be unfavourable, on this I need not, after all that has — 
again dwell, 

If in weak persons, with a feeble circulation, we desire to seiiliwe 
the conditions most favourable to the blood-current, we should have so 
to arrange matters as to cause 4 force operating only on the outer 
surface of the thorax to act on it during every inspiration, so that the 
normal inspiration would be effected without strong muscular exertion 
on the part of the subject. Upon this inspiration an expiration in 
rarefied air might be made to follow. 

It is, of coursé, of no avail to place the person in a closed chamber 
the air of which is maintained at a constant degree of rarefaction, and 
then to carry on respiration through a tube connecting the mouth with 
the open air (the nostrils being closed). An apparatus of this kind has 
been described by Williams’. He used it in order to cause his patients 
to inhale medicines, 

For whatever purpose this asieieis may be employed, exactly the 
same effect will be produced by placing the person free in the open air, 
and, the nostrils being closed, bringing the mouth into connection with a 
space in which the air is condensed. If we fill Waldenburg’s apparatus 
with condensed air, and cause the person to breathe in it, the effect 
is exactly the same as that which is obtained by Williams’ apparatus ; 
and the effect will be better, if in this case we cause the person to 
inspire only the condensed air and to expire freely into the atmosphere. 
The effect in the case of Williams’ apparatus will be the same as 
during respiration with both the respiratory phases occurring in con- 


1 Williams. New York Medical Record, 1885. The original article was not at my 
command, I had, however, the pleasure of seeing the apparatus in operation at the 
residence of Dr Vincent Bowditch in Boston (U. S.), who was so kind as afterwards 
to send me a description of it (Boston Medical and Surgical Journal, 1885), 
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densed air, and to this apparatus there are also’the same objections, 
if not dangers, as those which I enumerated in connection with the 
application of condensed air, especially as the condition is one in which 
both phases of respiration are carried on in condensed air. The appa- 
ratus would be of some value, if, at each inspiratory movement,-the air 
in it was rarefied, and at each expiratory movement the pressure in 
it was made equal to that of the atmosphere. 

_. [ shall not speak now of the influence of placing. the whole person 
in a large apartment in which the air is condensed or rarefied. In this 
case quite different circumstances arise, and the mechanical influences 
which act on the circulation in the pulmonary vessels during the respi- 
ration of condensed or rarefied air, and therefore’ lead to definite 
effects on the systemic circulation, such as we have already discussed 
them, altogether disappear, and’in. their stead occur conditions totally 
different, 

~ In conclusion, let me add a few-words on Valsalva’s experiment, 
On first inspiring deeply, and then, with closed glottis, trying forcibly 
to expire, the intra-alveolar and intra-thoracic pressure become strongly 
positive, The great veins in the thorax and the pulmonary vessels will 
be greatly narrowed, and a large fall in the arterial with a large rise 
in the venous pressure, must be the result. This narrowing may be so 
great that the quantity of blood which flows through is so small that 
the pulse can no longer be observed in the arteries, Unquestionably 
the obstruction to the diastole of the heart must here be taken into 
account. Einbrodt* directed attention to the fact that, by applying 
a strong positive tracheal pressure, the curve of the arterial blood- 
pressure may become a straight line, notwithstanding that a needle, 
stuck in the heart, shews that the heart is still beating. 

In such a case nQ,, the quantity of blood which the heart still 
transmits per minute, is extremely small, and Q is even so slight that 
the elevations of the manometer due to the heart-beats can no longer 
be observed, In such a case the capacity of the pulmonary vessels is 
very small, hence a great quantity of blood must accumulate in the 
_ systemic vessels. Hence the systemic veins become very full. 

That, in Valsalva’s experiment, the pulmonary circulation is again — 
of preponderating influence, may be proved by applying strongly posi- 
tive tracheal pressure to a curarised dog with open thorax and by 
keeping up this pressure for some time, No obstruction to the diastole 


1 Einbrodt. Sitzungsberichte d. k. Akad. d. Wissensch. zu Wien. Bd. xu. 1860. 
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of the heart, or diminution of the lumen of the great thoracic veins, 
under these circumstances takes place, and yet I saw the arterial pres- 
sure markedly fall and the venous markedly rise, and at last the eleva- 
tions, which occur in the curve of the arterial pressure in consequence 
of the heart-beats, totally disappear, while’ in we ees thorax I saw 3 
the heart still beating. 


1886, 


DESCRIPTION OF THE FIGURES IN. PLATE VIL 


_ All these figures have been obtained by registering, with Ludwig's 
Kymographion, the blood-pressure in the carotid and the jugular of the dog. 
* Tn all cases the vagosympathetic nerves were cut and tracheotomy was 
performed. The curve Ca is that of the blood-pressure in the carotid, the 
curve Ju that.of the blood-pressure in the jugular; the line Z is a horizontal 
one, which is situated a certain number of mm. below the zero-line of the 
registering manometer of the carotid, and another number of mm. below that 
of the registering manometer of the jugular ; the curve 7’ indicates the time; 

every horizontal division represents one second. 

For registering the carotid pressure a mercury manometer was iia 
used; for the jugular pressure a manometer filled with bicarbonate of 
sodium. 

The curves all run in the direction of thes arrow, which stands at the top 
of the Plate, Not to take up too much space, the curves indicating the 
respiratory movements and the compression of the abdomen have been 
omitted ; but, in their stead, the beginning and the end of a aie is every — 
time ‘eidieabad by a small vertical line on Ca, Ju, Z and 7’. 


signifies inflation. 

C collapse. 

P compression of the abdomen, 
F 4 cessation of compression. 

I inspiration. 

E ‘expiration. 


Fig. 1. Blood-pressure in the right carotid and the left jugular of a cura- 
rised dog of 63 kgrm. with thorax and abdomen opened. Z lies 10 mm. 
above the zero-line of the carotid, and 14mm. above that of the jugular.. 
Mean pressure in the carotid + 70 mm. Hg., in the jugular + 54 mm. CS. 
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Fig. 2. Blood-pressure in the right carotid and the left jugular of a dog 
of 19kgrm. in morphia and chloroform narcosis, Z lies 24mm. above the 
zero-line of the carotid, and 47 mm. above that of the jugular. Mean pres- 
sure in the carotid + 144 mm, Hg,, in the jugular + 56 mm. OS. 


Fig. 3. Blood-pressure in the right carotid and the left jugular of a cura- 
rised dog of 134 kgrm. with thorax opened and abdomen closed. After the 
animal has been brought into apnoea, while the artificial respiration is sus- 
pended, the abdomen is at intervals pressed on. Z lies 7 mm. above the zero- 
line of the carotid, and 7 mm. above that of the jugular. Mean pressure in 
the carotid + 64mm. Hg., and the jugular + 15 mm. CS. 


Fig. 4. Blood-pressure in the right carotid and the left jugular of a cura- 
rised dog of 11 kgrm. with thorax and abdomen closed. After the animal 
has been brought into apnoea, while the artificial respiration is suspended, the 
abdomen is at intervals pressed on. Z lies 44 mm. above the zero-line of 
the carotid, and 32 mm. above that of the jugular. Mean pressure in 
the carotid+ 180 mm. Hg., in the jugular + 67 mm. CS. 
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Page 138, foot note. For Anat. f. read Archiv. f. 
» 144, 1, 8 from bottom, for Tz read Tx. 

» 149, in table, 1. 9, for wall at B read wall at b; Pe oe eS 

» 154, 1. 13, for the velocity at read the increment of. 

» 158, 1. 6, for 2nA read 2nQ. 

187, 1. 11 from bottom, after blood read -vessel. 
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ON THE ELECTRICAL PHENOMENA ACCOMPANY- 
ING SECRETION IN THE SKIN OF THE FROG. 
- By W. M. BAYLISS, B.Sc. (Lond.), anp J. ROSE BRAD- 

FORD, B.Sc. (Lond.), Senior Demonstrator of in Unt- 
versity College, London. 


(From the Physiological hdlviciiy: University College, London.) 


History. 


Du Bois-REYMOND’ discovered the fundamental fact in 1857. 
The skin of the frog was found to be the seat of an electromotive force 
of such a direction that the outside of the skin was negative to the 
inside ; this was shown to be due to the glandular stratum by scraping 
off the superficial part of the skin, upon which the current vanished. 
Previously to this, however, du Bois-Reymond* had described an 
experiment which he believed to demonstrate the negative variation of 
muscle when in a state of voluntary contraction, hence calling it 
“ Willkiir-versuch ;” but Hermann has since proved the electrical 
changes manifested here to be due to the activity of the sweat glands. 
Du Bois-Reymond then was actually the first to detect a secretion 
current through mistaking its nature. 

Currents similar to that described by du Bois-Reymond in the 
frog’s skin were discbvered by Rosenthal® in the stomach and intes- 
tines, by Engelmann* in the mucous membrane of the throat, by 
Hermann and Luchsinger® in the tongue, all however in the 
Frog. 

The first investigation on the action of nerve excitation on the skin 
current was carried on by Roeber®, under Rosenthal’s direction, on 
the leg of the frog. He saw for the most part a negative variation, but 


1 Moleschott’s Unters. 1857. 2 Unters. iiber thier. Elect. 
3 Arch, f. Anat. u. Phys. 1865. — 4 Centralblatt f. d. med. Wiss. 1868. 
5 Pfiiiger’s Archiv, xv, 1878. 6 Archiv f. Anat. u. Phys, 1869 
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also occasionally a positive variation. Engelmann’ saw on the same 
object a negative variation, but usually a strong positive after action. 
Hermann’ made use at first of the skin of the back of the frog 
(prepared as described below), and saw almost exclusively a powerful 
positive variation; even in experiments on the leg he very frequently 
observed a pure positive variation; in many cases however it was 
preceded by. oe much smaller variation of opposite sign, i.e. a negative 
“Vorschlag ;” and extremely rarely & pure variation was 
observed by him. 

Hermann and Luchsinger® showed that the sweat glands of 
mammals exhibit a positive variation (the outside of the skin becoming 
more negative to the inside), and Luchsinger* demonstrated the same 
fact on the snout of the pig as well as on that of the goat, the dog and 
the cat. Hermann and Luchsinger’ proved the existence of a 
secretion current in the tongue of the frog on excitation of the glosso- 
pharyngeal nerve, consisting of a long positive variation interrupted by 
a powerful but short negative variation, the complete variation being 

‘thus triphasic. In the same paper the authors mention that they 
attempted to detect the presence of a secretion current in the eratd 
glands of the dog, but were unsuccessful, 


Method. 


It is unnecessary to describe minutely our galvanometric circuit 
since it does not ditfer materially from that used in nearly all electro- 
physiological research. The galvanometer used was a Thomson Astatic 
of high resistance. The potentiometer on Latimer Clark’s principle 
was used as described by Prof. Burdon-Sanderson®. Non-polarizable 
electrodes of the U-form recommended by Prof. Burdon- Sanderson 
were employed. 


Current of Rest. 


So far as this is concerned we can entirely confirm the results of 
previous observers, the outside of the skin being invariably negative to 
the inside, the amount of the potential difference varying considerably 
however. To save the continual repetition of a number of figures we 


1 Pfliiger’s Archiv, v1. 1872. Pfliiger’s Archiv, xvtt. 1878. 
3 Pfliiger’s Archiv, xvm. 1878. 

4 Tageblatt d. 52, deutsch. Naturforschervers. in Baden-Baden, 1879. 

5 Pfliiger’s Archiv, xv11. 1878. 6 Phil. Trans. 1882. Part 1. 
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shall use as unit of electromotive force the fifth volt (volt x 10°); thus 
an E.M.F. of -00024 volt we express as 24 fifth volts (fv.). The 
E.M.F. of the skin of the frog taken from the middle of the back was 
usually about 8000 fv., at times as high as 25000 fv. and occasionally 
as low as 3000 fv. It may thus amount to as much as a quarter of 
that of a Daniell’s cell. Du Bois-Reymond' gives as the greatest 
E.M.F. he has observed, 051 of a Daniell and ‘004 as the lowest; 
these numbers converted into fifth volts become 5610 fv., and 440 fv. — 
respectively, considerably lower than our numbers. In his first publi- 
cation on the subject Hermann was inclined to look upon the current 
of rest as a secretory effect, since he found the effect produced by nerve 
excitation to be an increase of the current of rest; but, as we shall see, 
the excitatory change in the skin of most parts of the body is more 
frequently negative than positive ; this view cannot stand therefore, and 
Hermann’ himself in a more recent paper attributes the current of 
rest wholly to the epidermis, that is, he looks upon the cells undergoing 
horny metamorphosis as being of the nature of dying protoplasm in 
relation to those of the Malpighian layer, and hence, according to his 
well-known “ Alterations-Theorie,” electrically negative to the latter. 
This view he supports by observations on the skin of fishes, where, in’ 
opposition to du Bois-Reymond, who found no current in the fish skin, 
Hermann asserts the existence of such a current, the outer surface of 
the skin being negative to the inner surface; the importance of this 
fact being, as we need hardly say, that there are no glands in the fish 
skin. | 

We have repeated Hermann’s observations on the skin of the eel, 
‘which can be removed from the body without any muscular tissue 
adhering to it, and we can so far confirm his results that we find a 
distinct current of rest present and in the same direction as that of the _ 
_ frog but very much weaker. In one experiment the E.M.F. of a piece 
of skin taken from the dorsal region just behind the fins, one centimetre 
square, was 569 f-v., while that of a piece of the same size from the back 
of a frog was 2021 fv., and this is an exceptionally low figure for the 
frog. 

The opinion therefore to which we incline is that the current of rest, 
in the case of the frog’s skin, as well as that of all animals with — 
cutaneous glands of any kind, is partly due to the epidermis, but partly 
also to the glands themselves. This opinion is confirmed by the results 


1 Gesam. Abhand. 11. p. 261. 2 Pfliiger’s Archiv, xxv. pp. 280—288. 
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of the consecutive action of corrosive sublimate and atropin on the 
frog’s skin. It is stated by Hermann that immersion in a saturated 
solution of corrosive sublimate for 7”’—8” destroys the vitality of the 
epidermis, while leaving the glands intact, the latter fact being shown 
by the persistence of the excitatory change. In our experiments a 
pithed frog was immersed ‘in a saturated solution of corrosive sublimate _ 
for 7", washed, and then a piece of skin removed from the back and led 
off. In one case its E.M.F. was found to be 1032 fv., considerably 
diminished therefore by the action of the corrosive sublimate; a few 
drops of 1°/, solution of atropin sulphate were allowed to fall on the 
preparation, and after seven or eight minutes the E.M.F. had fallen to 
344 fv. The excitatory change was present before the action of 
atropin, absent afterwards. This experiment was repeated several 
times and always with similar results. We shall have to discuss the 
action of atropin later on, but in these experiments the excitatory 
variation was abolished as mentioned. Hence presumably the secretory 
activity of the gland cells was also abolished, although it may be that 
only a nervous end organ is attacked by the atropin; if so, however, 
it is not easy to see why atropin should diminish the E.M.F. of the 
skin. 

Moreover some experiments performed by us in conjunction with 
Prof. Schafer seem to demonstrate the fact that atropin acts directly 
upon the gland cells. These experiments were performed on the 
submaxillary gland of the dog, a canula being introduced into the duct 
and the chorda tympani nerve prepared in the usual manner; electrodes 
made of long slender needles, coated with shellac except at their points, 
were then introduced into the gland so as to stimulate it directly. 
Profuse secretion was produced both by stimulating the gland directly 
and by stimulating the chorda. After a small dose of atropin, i.e. 
20—40 mgrms., not a trace of saliva could be caused to issue from the 
canula either by stimulating the chorda or the gland directly, although 
the strongest currents at our disposal were employed. We conclude 
then that atropin in all probability acts on the cells themselves’. | 

It might be objected to our experiments on the frog’s skin that the 
water in which the atropin was dissolved might have a deleterious effect 
on the gland cells, but apart from the fact that we used a 1°/, solution, 
which could not have much effect in causing a swelling up, or the 
_ reverse, of the tissue, being nearly of normal strength, we tested the 


1 Vide also Brit. Med. Journal, June, 1885. 
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effect of tap-water dropped on the preparation but could detect no 
diminution whatever in the excitatory effect. _ 

As regards the Current of Rest in other Amphibia, one observation 
was made upon the green tree frog (Hyla arborea), and here the E.M.F. 
of the skin of back was found to be 11934 fv. The E.M.F. obtained by 
leading off the lateral glands of the Salamander on one side and the 
hind leg (which had been amputated and replaced in its position) on the 
opposite side, was always very great, though of course how much of it 
was due to the glands it is impossible to say; it amounted to from 
20000 fv. to 30000 fv. As will be seen below the excitatory variation 
in this creature is also very large. 


Electrical Excitatory Change. 

We have already had occasion to remark that Engelmann asserts 
that the clectrical change occurring in the glands of the frog’s skin, on 
excitation of the nerves supplying it, is of the nature of a negative 
variation of the current of rest; ie. the mouths of the glands become 
less negative to the bases. Hermann on the contrary sees a positive 
variation either alone or accompanied by a small preceding negative 
variation, ie. the so-called negative “Vorschlag.” He admits however 
that he has very occasionally seen a pure negative variation. ‘These 
contradictory results puzzled us at first, since it was difficult to under- 
stand how two such skilled investigators could have arrived at directly 
opposite results in so simple a matter; but in the course of our experi- 
ments we succeeded in clearing up the discrepancy, as will be after- 
wards seen. 

In almost all our experiments the English frog, (Rana ecameaiad 
was used, prepared however in two different ways, both due to Her- 
mann. Hermann, however, used the German frog, ic. Rana esculenta. 

The first preparation consisted of the skin of the back prepared in 
the following manner. The frog is decapitated, and the spinal cord de- 
stroyed, Two parallel incisions are made with scissors just on the dorsal 
side of the lateral swellings, and a transverse cut joins these two at the 
posterior extremity. This flap of skin remains in connection with the 
vertebral column only by the posterior primary branches of the spinal 
nerves. The vertebral column is now removed from the rest of the body 
by similar incisions and then removed with the skin and attached 
nerves to the moist chamber, care being taken not to stretch or otherwise 
injure the nerves, 
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The piece of vertebral column is now supported on two wires bent 
at right angles in a horizontal plane so as to pass into the spinal canal — 
for a short distance. These wires being insulated from one another and 
connected with the terminals of a du Bois induction apparatus, serve 
to excite the roots of the nerves. The piece of skin, attached only by 
its nerves, is carefully spread out, epidermis downwards, on a mound of 
china clay made into a paste with salt solution, and to this one non- 
polarizable electrode is connected, thus leading off the outer surface of 
the skin. The second non-polarizable electrode is arranged to lead off by 
a fine point the inner surface of the skin (which is uppermost) at any 
desired point. This preparation, for the sake of brevity, we call No. 1. 

_ The second preparation is more easily made. The brain having been 
destroyed in a curarised frog (1°5 minims of 0°1°/, curare being used) the 
sacral plexus is exposed from behind and divided on one side. The spinal 
cord is stimulated by two needle electrodes, one being inserted at each 
end of the spinal canal, and the two hind legs are led off. Since the skin 
of one leg only is excited by the above method, the electrode on that 
leg corresponds to that on the outside of the skin of the back in No. 1 
preparation, and can be placed not only on the leg but on any part of 
the body out of reach of the spreading of the exciting current. This 
preparation we call No.2, and it is extremely convenient for testing the 
effects of drugs, since the circulation remains intact in the skin under 
experiment. As above remarked, we used almost exclusively the common 
English frog, but from the results obtained by a few experiments on 
Rana esculenta we do not believe there is any essential difference 
between the species as regards the phenomena under consideration. 

Our observations began in January, and for some time we obtained 
results both on preparations 1 and 2 confirming Hermann; but as the 
breeding season approached pure negative variations biccasne more and 
more frequent, and during the latter part of February and the first three 
weeks or so of March it was extremely rare to find a positive variation 
either alone or with a negative “Vorschlag.” After this period the 
positive variation began to reappear, gradually becoming more frequent, 
until ultimately it became the usual variation again. It is seen then 
that during the greater part of the year, Hermann’s variation, as we 
may call it, is the rule, while in the months of February _ March 
Engelmann’s variation obtains. 

By careful observation of the galvanometric deflections we have 
found that commonly during the last three months of the year, and not 
unfrequently in January, there is a third phase to the variation, which 
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is of the same sign as the first, ic. negative, and compared with the — 
other two is very slow, which probably accounts for its liaving previously 
escaped detection. The amount of this third phase varies greatly, 
sometimes not exceeding that of the “Vorschlag;” i.e. about 4 or +, of 
the positive phase, sometimes exceeding the latter. Its duration also 
seems to vary directly as its extent; for example, the positive phase 
usually lasts about 5’ or 6”, the third phase reaches its maximum 
when large at 11"—14” after the commencement of stimulation, but 
the spot of light does not return to zero until two minutes have 
elapsed; when the excursion is small zero is reached after 30"—40". 
The excitatory change, therefore, when complete consists of 
three phases, a small negative “Vorschlag” of about 10—20 scale 
divisions, a considerable positive phase of 300—400 scale divisions, and 
a final negative phase which varies immensely in amount. 

What is very remarkable is that the relative amounts of these 
phases may vary within wide limits, and that any one or two phases 
-may be present without the remaining phases or phase, so that it is 
scarcely possible to speak of a normal excitatory variation, although 
what has been said above may be regarded as obtaining in by far the 
greater number of cases. Under these circumstances, to give the E.M.F. 
of the phases of the variation would be of little value, apart from what 
has been remarked before, that the effective E.M.F. gives us no measure 
of that actually developed in the physiological process owing to the 
short circuiting which occurs; still the numbers in question are of 
value relatively to one another and as showing to some degree how 
high the E.M.F. of a certain physiological process may be. The first 
phase has an E.M.F. varying from 15 to 300 fiv., the second and third 
may both exceed 2200 fv., i.e. 022 volt. 

The second phase may be indicated merely by a greater or lew 
return of the spot of light, from its negative deflection, towards zero, or 
even only by a temporary stoppage or retardation of the onward nega- 
tive movement. 

When the variation is purely negative it is usually lirintc the spot 
of light being driven rapidly off the scale, and frequently the needle of 
the galvanometer comes in contact with the stop. 

In the cases where a diphasic or a triphasic variation is present, the 
negative phase is more readily produced, ie. when the coils of the 
induction apparatus are gradually approximated the negative phase 
appears first, and only under Sage. excitation is the positive 
superadded. 
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_ The discrepancy between the results obtained by Hermann and 
Engelmann is thus satisfactorily cleared up, if it be the case that 
Engelmann experimented in the early spring months, and Hermann 
later on in the year. Photographs of the variation with the capillary 
electrometer have been obtained by us; they only show that the gal- 
vanometer gives correct indications of the relative strengths of the 
phases and does not distort the “Vorschlag” as it does in the case of 

Contrary to expectation, we found it very difficult to obtain distinct 
effects on reflex excitation, and so our attention was not much directed 

to this part of the subject ; one or two experiments wedalepins afforded 
pa interesting results. 

The two legs of a frog were led off in the usual way, the sciatic 
nerve on the left side prepared in the thigh divided, the central end 
being stimulated a deflection of + 50 was observed, i.e. a small positive 
variation; on now exciting the cord in the usual way a deflection of 
— 350 was seen, Le. a negative variation. 

No result was obtained by dipping the toes into sulphuric acid 1°/, 
On another occasion a negative variation was obtained by stimulating 


electrically the toes of that leg of which the skin was being observed; 
the variation on cord stimulation was also negative. | 


Hypotheses. 


It will make the subsequent portion of this paper more easily 
understood if we proceed now to discuss shortly the various hypotheses 
that have been suggested to account for the facts which we have 
mentioned above. 

Hermann in his first paper suggests that the two directions of the 
secretory variation are due to the two kinds of glands, which are known 
to be present in the frog’s skin—thanks to the investigations of Leydig, 
Eberth, and Engelmann; the positive variation having its origin in 
the small, regularly distributed, mucous glands, the negative variation 
in the larger, irregularly distributed, granular glands, In the middle 
portion of the skin of the back of R. esculenta the former are almost 
exclusively present, whilst in the other parts of the skin the latter are 
abundantly scattered. Since the secretion of the back is according to 
Hermann alkaline, while blue or neutral tinted litmus paper placed © 
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on other parts of the skin is found spotted with red, it is possible in 
Hermann’s opinion that the direction of the excitatory change stands 
in intimate relation with the reaction of the secretion afforded by the 
particular gland in question. Thus glands giving an alkaline secretion 
would on this view also give a positive variation, those with an acid 
secretion a negative variation. 

Further, it may be that the large acid glands have some connection 
with the breeding function, perhaps secreting some odoriferous body 
like the cutaneous glands of the salamander, and hence become more 
excitable as the breeding season approaches. . : 

With regard to this suggestion of Hermann’s we must remember, 
as Luchsinger’ has pointed out, that it is not a question only of coarse 
electro-chemical action at the contact of acid and alkaline substances 
respectively, with the protoplasm of the cell, but rather that the pro- 
cesses taking place in the gland cell during the elaboration of the two 
kinds of secretion are chemically and physically of an opposite kind. 

We have made a considerable number of experiments in order to 
discover, if possible, a relation between the reaction of the cutaneous 
- secretion and the direction of the excitatory electrical change, but have 
been unable to detect any such relation. A powerful negative variation 
may be present with an alkaline or acid secretion; and similarly with 
the positive variation. Although it can hardly be said that these re- 
sults overthrow the hypothesis in question, yet they do undoubtedly 
considerably weaken it. 

In his later paper Hermann’ has brought forward another hypo- 
thesis. Starting from the suppositions that the current of rest is due 
to the epidermis, and that during rest the glands give no electrical 
current owing to their closed spheroidal form, he thinks that; when on > 
excitation of the nerve the muscular sheath contracts (as Engelmann 
has shown that it does), forcing the secretion out at the mouth, there 
is for a time a cell or cells at the fundus of the gland uncompensated _ 
by any opposing cells at the neck, and hence the E. M.F. of this cell 
or cells makes itself manifest externally. If now the E.M.F. of this 
cell is less than that of the epidermis, the E. M. F. of the current of | 
rest will diminish, in other words suffer a negative variation, hence the 
negative “ Vorschlag.” As soon as the latent period of the gland cells 
is passed and they enter into secretory activity their E. M.F. will be 
greater than that of the epidermis, and hence the positive variation. It 


1 Hermann’s Handbuch, Tom. v. 2 Pfliiger’s Archiv, xxvu. 
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~ is quite conceivable that, owing to various causes, possibly fatigue, 
amongst others at present unknown, the gland cells may not be ex- 
citable and hence the negative variation alone may exist, as we have so 
frequently found. 

At first sight this hypothesis appears somewhat artificial and im- 
probable ; it is supported, however, by the results of the action of 
corrosive oman and cauterization, to which we shall presently have 
to refer. 

For our own part we feel neither in the position to accept one of 
these hypotheses nor to suggest another, the processes going on in 
secretion being of so complicated a nature that to do so would be— 
_ premature. In all probability the electrical phenomena connected 
with osmosis have a share in the excitatory change. We do not think 
that the muscular sheath of the gland contributes to it, for, in the 
first place, Hermann has shown that totally tetanized muscle in the 
living subject is equipotential, and secondly our experiments on the 
salivary glands, as mentioned in our communication to the Physiological 
Society and described more fully in a recent communication to the Royal 
Society, have demonstrated that atropin in small doses totally abolishes 
the chorda variation in the submaxillary gland of the dog, although, 
as is well known, it leaves the vascular muscles intact. 

Further, the lateral glands of the salamander give a very powerful 
excitatory change, whereas, according to Leydig’, they possess no 
muscular sheath; we are inclined to doubt this statement of Leydig, 
however, owing to the marked and rapid manner in which the secretion 
is extruded on stimulation of the spinal cord, but have not yet been 
able to decide the question by microscopic examination. 


Action of Corrosive Sublimate. | 


Hermann’ states that immersion of the frog in saturated -solution 
of corrosive sublimate for 6”’—8” destroys the vitality of the epidermis, 
abolishing thus the current of rest, while leaving the excitatory change 
intact, thus confirming his hypothesis as to the nature of the current 
of rest. We are able only partially to confirm this result; we find 
the current of rest greatly diminished, but not entirely annihilated, 
as already mentioned. But the most interesting fact about this action 
is the extraordinary effect of corrosive sublimate on the pure negative 


1 Ilistologie Comparée. 


Paris, 1866. * Pfliiger’s Archiv, xxvu, 
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variation, which, as we have shown, i is the usual one at certain times 
of the year. 

A No. 2 preparation, giving a pure negative variation, is im- 
mersed in saturated solution of corrosive sublimate for 7” in such a 
way that the legs only are submerged, well washed under the tap, and 
replaced in the moist chamber exactly as before; it is now found to give 
invariably a positive variation; usually a pure positive one, but 
occasionally, possibly owing to greater thickness of the epidermis and 
hence a feebler action of the reagent on the deeper parts of the skin, 
there is more or less of the negative variation left, either preceding | 
or following the positive phase. Moreover, if the preparation is giving 
@ positive variation with a negative “Vorschlag,” it increases the posi- 
tive phase, frequently even causing the negative to disappear. These 
results we have obtained without a single exception ; the effect is always 
to depress the negative phase and to exalt the positive. 

Bach and Oehler’ (pupils of Hermann) have obtained the same 
result by the action of heat; we can confirm this statement. Immer- 
sion in water at 40°C. for from 10” to 30” abolishes or greatly depresses 
_ the negative phase ; and it is interesting to note that Bach and Oehler, 
more frequently than Hermann, obtained a pure negative variation, 
which they were thus able to convert into a pure positive or diphasic 
variation by the action of heat. They do indeed casually mention the 
action of corrosive sublimate, but appear not to have noted the action of 
which we speak, simply referring in an indefinite manner to its favouring 
the positive phase. 

Now it is quite possible to account for these phenomena on either of 
the hypotheses suggested by Hermann, and we were at first inclined 
to favour the earlier one, having in mind Ringer’s theory of the 
physiological action of acids and alkalies on secretion, i.e. that acids 
depress acid secretions and excite alkaline secretions, while the effect of 
alkalies is the reverse in both respects. We proceeded therefore to 
make various experiments to help in deciding this point. The solution 
of corrosive sublimate was found to be strongly acid and therefore 
would be expected to depress the acid glands, which according to 
Hermann’s original hypothesis give the negative variation. Dilute 
sulphuric acid (1°/, for 10”) produced the same effect, but we found 
that after carefully neutralizing the corrosive sublimate solution its 
power was in no way diminished, and a strong solution of zine chloride 


1 Pfliiger’s Archiv, xxu. 
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had the same property. The sulphuric acid, however, is not so powerful 
in this respect as the neutralized corrosive sublimate, for we found it 
easy by longer or shorter immersion to diminish the negative phase to 


-any extent we pleased. Of course it is quite possible to imagirie that 


the acid glands are more sensitive to these reagents than the alkaline 
glands, and it may be connected with the fact that the former are more — 
excitable, as mentioned above. 

Repeated experiments, however, on the reaction of the cutaneous 


secretion before and after corrosive sublimate have shown that there is 


no constant relation whatever between the reaction of the secretion and 
the sign of the electrical change. Another circumstance which opposes 
the hypothesis is, that we have been totally unable to find any reagent 
which has the opposite effect to corrosive sublimate and acids, ie. to 
depress the positive phase and excite the negative phase. The con- 
stant current (anode and cathode), sodium hydrate, sodium carbonate, 
camphor, and potassium hydrate have been applied to the skin externally, 
and lactic acid hypodermically injected, but all had only a depreming 
effect on both phases. 

Hermann’s later hypothesis accounts for the phenomena in the fol- 


lowing way. It will be remembered that a pure negative variation is the 


result, according to this hypothesis, of a powerful epidermic current, the 
gland current even at its highest being inferior to that of the epidermis, 
and hence when the mouths of the glands are forced open a diminution 


in the current results. Ifthen the epidermic current is depressed by the 


corrosive sublimate or acid, the positive phase will appear; and it is also 
clear why a positive phase once present cannot be replaced by a negative 
one, for to do so would require a reagent capable of increasing the 


epidermic current. 


On the whole then this hypothesis seems the more acceptable one. 
For our part nevertheless we are loth to admit that so powerful a 
negative variation as we have very frequently observed, being far greater 
than any positive variation with the same strength of exciting current, 
is the result merely of the preponderance of the e pidermic current over 
the glandular current. 


Action of Atropin. 


-Hermann states that atropin abolishes the electrical excitatory 
change as well as the secretory effect; we have seen the former greatly 
diminished by large doses but not entirely abolished, except in No. 1 
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preparation, when dropping atropin solution on the skin put an end to © 
the excitatory change. In any case, however, large doses are required 
to abolish the negative phase; the positive is comparatively easily 
annihilated, 5 mgms. sometimes doing so, while the negative phase 
remains large. These facts may be explained on Hermann’s second 
hypothesis by bearing in mind, as does Hermann himself, the known 
paralysing effect of atropin on smooth muscular fibre when given in large 
doses. The positive phase, according to the hypothesis in question, being 
dependent on the activity of the gland cells is easily abolished, while 
the negative, which requires the agency of the muscular coat, will be 
only abolished by doses which paralyse the latter. 


Other Amphibia. 


It remains to shortly mention the results we have obtained in other 
Amphibia. We have obtained excitatory variations in the skin of the 
toad, newt, salamander and tree frog. In the first three the effect is 
usually considerable, though very slow in its time course and by no 
means so regular as in the frog; we have seen pure positive and pure 
negative variations as well as all kinds of combinations of these ; on the 
whole the pure negative preponderates. The largest variation is given 
by the lateral glands of the salamander, and is usually a pure negative 
one. 

The actions of corrosive sublimate and atropin appear to be 
— analogous to their actions on the frog but not so constant or so powerful ; 
and owing to the very slow time course of the variation in these creatures 
it is considerably more difficult to be certain what the effect is, since the 
current of rest is almost always rapidly varying, either increasing or 
decreasing; and when the variation happens to be in the same direction 
as the change of the current of rest, it is frequently impossible to detect 
it. | 
We have only made use of one tree frog and therefore cannot 
generalize in this case, but in this case the excitatory change was the 
same as in the ordinary frog. 
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THE DISTRIBUTION OF BLOOD VESSELS IN THE 
RETINAE OF MAMMALS. By JAMES W. BARRETT, 


M.B. Demonstrator of Physiology in King’s College, London. 


AT a meeting’ of the Physiological Society on February 14, 1885, I 
made a preliminary communication respecting the distribution of Blood 
vessels in Mammalian Retinae. I then demonstrated the complete 
penetration of the outer reticular layer of the retina of the Goat by 
blood vessels and believed that no vessels had previously been described 
as entering this layer. 

A more extensive acquaintance with German technical literature 
has made it obvious to me that blood vessels had been previously seen in 
this layer of the retina of the Dog by Bruns’ and that possibly they had 
been also noticed by Langenbacher in this layer of the retinae of other 
animals, I cannot obtain the original communication of the latter 
observer and can but quote an extract®: 

“ Die Lage der Gefaisse ist bei allen genannten Thieren so ziemlich 
dieselbe wie beim Menschen, d.h. die groberen Gefiisse liegen hauptsiich- 
lich.in der Sehnervenfasernschicht, die feineren Gefiisse und die Capil- 
laren dringen bis in die Zwischenkérnerschicht.” 

He had examined the retinae of the following animals: Man, Ox, 
Buffalo, Deer, Goat, Sheep, Pig, Dog, Cat, Horse, Mule, Rabbit, Guinea- 
pig and Rat. 

Nevertheless the terms in which the relation of the vessels to. the outer 
part of the retina is usually expressed, are so vague that I made this 
question the subject of a comparative anatomical study. 

Method. With the kind assistance of Mr Sutton and Mr Lang of 


1 Proe. Phys. Soe. Feb. 1885; This Journal. 1885. 
2 “ Vergl tomische Studien iiber das Blutgefiisssystem der Netzhaut.” Zeit- 
schrift fiir vergl. Augenh. 1882. Heft. 2. 8. 77. 
3 “Vergleichende anatomische Untersuchungen iiber die Blutgefiisse in der Netzhaut 
des Auges.” Oesterr. Vierteljahrsschrift fiir wiss. Veterindrk. tim. 2. 8. 121, 1880. Extracted 
in the Zeitschrift fiir rergl. Augenh. 1882. Heft 1. s. 65. 
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the Middlesex Hospital I have obtained the eyes of several men and 
children and of many wild animals. They have been hardened or fixed 
in various reagents (carbolic acid, chloral hydrate, picric acid, chromic 
acid, bichloride of mercury) according to necessity. 

From the hardened eyes sections of retina have been prepared either 
by the celloidin and freezing method or by the cacao butter method. 
The nuclear stain used has been sometimes logwood and sometimes 
borax carmine, whilst the diffuse stains have been either fuchsin or 
eosine. When the sections were prepared I examined in each case a 
large number of them to find out what relation the uninjected vessels 
bore to the internuclear layer. 

To a certain extent this method is superior to that of injection, since 
by it vessels are seen undistended and there can be no displacement. 
The sections were mostly obtained from portions of the retina situated 
near the middle of the fundus. 


It soon became evident that the term “internuclear layer” wanted 
precise definition. As its name implies it represents the whole space 
between the outer and inner nuclear layers which is free from nuclei, — 
that is the “Zwischenkérnerschicht” of the Germans. But accepting 
this definition it at once becomes obvious that the “internuclear layer” 
of one retina is not at all equivalent to that of another. 

For example, the “ihternuclear layer” of the human and of some 
monkeys’ retinae consists of two portions, an inner, which probably 
represents what is usually called the “outer molecular layer,” and an 
outer, made up entirely of the terminations of rod and cone fibres and 
of filaments derived from the Miillerian fibres. In these retinae the 
outer part is very broad whilst the inner part is very narrow indeed, 

The division exists in most retinae of which I have been able to 
obtain fine specimens, but often the outer part is very narrow and quite 
rudimentary (for example, in the retina of the Guineapig). 

It would therefore be unwise to insist on the adoption of a new 
terminology with respect to this layer for all mammalian retinae, but it 
is certainly necessary to state definitely that the internuclear . of 
the human retina is not the same thing as the “outer molecu 
“outer reticular,” or “outer granular layer.” 

_ Making this distinction, however, is tantamount to increasing the 
number of the layers of the retina in description. 

In those retinae in which the division was well marked, I have 
specified the part in which the blood vessels exist, in those in which 
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the distinction was not easily seen, I have used the collective term 
“internuclear layer.” 

The place of union of these two parts is marked (especially 1 in the 
Guineapig) by the presence of a membranous expansion, possibly the 
“membrana fenestrata” of Krause’; this represents the place of union 
of the nerve and epithelial layers of the retina. 

For the sake of convenience I have named the outer division of the 
“internuclear layer” the “fibrous layer”; the inner division, the true 


“outer molecular,” “outer reticular” or “outer granular layer”, and the 


intermediate membrane the “ dividing membrane.” 


The following tabular statement of the arrangement of the layers of the 
retina of Man, of the Chacma Baboon, and of some other mammals, will serve 
to illustrate my views. 

(1) Pigment layer. 

(2) Rod and cone layer. 

(3) External limiting membrane. 

(4) Outer nuclear layer. 

(5) Fibrous layer. 

(6) Dividing membrane. 

(7) Outer reticular, outer molecular, or outer granu- 
lar layer. 

(8) Inner nuclear layer. 

(9) Inner reticular, inner molecular, or inner granular layer. 

(10) Ganglion cell layer. 
(11) Nerve fibre layer. 
(12) Internal limiting membrane. 


{ = Internuclear layer. 


In a diagrammatic’ representation of a section of the hemes retina 
Schultze did not indicate this division of the internuclear layer, but in 
another diagrammatic’ section of the macula lutea (copied by Sch wal be‘) 
he represented it. 

He referred to the outer part as the “aussere Faserschicht,’ and to 
the inner part as the “d#ussere granulirte Lage.” To the dividing 
membrane I have not seen a reference. 


_ 1 “Die Nerven-Endigung in der Retina.” Archiv fiir mikro. Anat. Bd. xu. 8. 742. 
2 Human and Comparative Histology. Edited by 8. Stricker. Vol. m1. p. 219. 
3 Ibid. p. 285. | 
4 Handbuch der gesammten Augenheilkunde. Von A.Graefe und T.Saemisch. Bd. 1. 
8. 431, 
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THE HuMmAN: RETINA. 


This retina although tolerably vascular does not appear to be so 
vascular as that of the dog, or as that of some ruminants (notably 
the Lama). The internuclear layer is clearly. divisible into a broad 
“fibrous layer” and a narrow “outer reticular layer.” I have seen a 
few capillaries in the “outer reticular layer” but I have never seen them 
in the “ fibrous layer.” — 

His" published an account of the course taken by the vessels in the 
retina of a child aged six months, He injected the vessels; and the plate 
representing a section of the retina shews the most external capillaries 
running on the outer side of the “inner nuclear layer.” 

_ Hesse* made the following statement : 

“Dass die Arteriendstchen zahlreiche Zweige in der Tiefe senden, 
deren Ramification nicht iiber das Gebiet der Zwischenkérnerschicht 
_ hinausschreitet ;” and further 

“die miehachliche Netzhaut besitzt zwei Capillarnetze, ein inneres, 
in der Nervenfaserschicht und ein dusseres, das die innere K6rnerschicht 
einnimmt und bis zur Zwischenkornerschicht reicht.” 

It seems therefore that Hesse did not see any vessels in the 
“internuclear layer.” 

Since the true “outer reticular layer” is very narrow, it is readily 
conceivable that the presence of an occasional capillary in it should be 
overlooked, and the fact that it has been customary to regard the 
“internuclear layer” as the “ outer reticular layer,” probably explains 
the origin of the positive statements which have been made to the 
effect that no vessels enter the “outer reticular layer.” They certainly 
do not penetrate the “ fibrous layer.” 


THE RETINA OF THE CHACMA BaBoon (Cynocephalus porcarius). 


The description given of the external capillary distribution in the 
human retina will apply almost exactly to that in this retina. 

The vascularity is not very great, the internuclear layer is divided 
into two parts, and the biood vessels only enter the inner part (outer 
reticular layer) ; they always lie close to the “inner nuclear layer.” 


1 “ Abbildungen iiber das Gefiisssystem der menschlichen Netzhaut und derjenigen des 
Kenisnhene, ” Archiv fir Anat, u. Phys. (Anat. Abth.), 8. 224. 1880. 
“Ueber die Vertheilung der Blutgefiisse in der Netzhau ” Archiv a Anat. u. Phys. 
pr Abth.), 8. 219. 1880. 
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But the number of capillaries which so penetrate is even fewer than 
in the case of the human retina. 


THE RETINA OF THE BonnET Monkey (Macacus sinicus). 


The vessels in this retina are not very numerous, and I have not 
seen ve A in the “internuclear layer.” 


THE RETINA OF THE Doa. 


This retina appears to be more vascular than any other, not only in 
point of number but also with regard to the size of the vessels. — 

Very large capillaries (if indeed they be not small arteries or veins) 
not only enter the “internuclear layer” but run in it for considerable 
distances, often passing out so far as to rest close to the “outer nuclear 
layer.” 

My observation in this respect agrees with that of Bruns’ who 
injected the vessels of the retina of the dog and made the following 
precise statement ; “die lettzen Ausliufer der Gefiisse in der ausseren 
granulirten Schicht, nicht wie bei allen bisher abgehandelten Thierin- 
dividuen, an der fusseren Grenze der inneren Koérnerschicht flache 
Bogen bilden und umbiegen, sondern durch die dussere granulirte 
Schicht bis an den inneren Rand der ausseren Kornerschicht herantreten. 
Sie liegen somit der Stabchen- und Zapfenschicht naher, als bei allen 
Thieren, die ich in dieser Studie bespreche.” 

The “fibrous layer” is usually comparatively narrow, and I cannot 
say that in any individual instance I have seen vessels cross the 
dividing membrane between this and the “outer reticular layer.” 


THE RETINA OF THE Cat. 


This retina is not nearly so vascular as that of the dog. 

The “internuclear layer” is tolerably broad, and contains a few 
capillaries which arise from vessels situated in the “inner nuclear layer.” 
They run however close to the “inner nuclear layer” and I have not seen 
one which passed external to the middle of the “internuclear layer.” 

It will be seen that in this respect ‘I am in agreement with Bruns 
whose precise statement has — quoted already. Yet his _ 


1 “Y, | 


he Studien iiber das Blutgefasssystem der Netzhaut.” Zeit- 
schrift fiir vergl. Augenheilk. 1882. Heft 2, 8. 91. 
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representing a section of a cat's retina certainly seems to shew vessels 
well in the “internuclear layer.” 

I am inclined to think that the “internuclear retina” of the cat is 
divided into two parts. The outer broad part is free from vessels whilst 
the narrow inner division contains them occasionally. 


THE RETINA OF THE LION (Felis leo). 


In this tolerably vascular retina the “internuclear layer” is fairly 
broad, The capillaries run for the most part on the outer side of the 
“inner nuclear layer,” but I cannot say that I have ever seen them 
fairly in the “internuclear layer;” they certainly never pass so far 
outwards as the middle of that layer, but lie very close to the “inner 
nuclear layer.” 


Tue RETINA oF THE SEA Lion (Otaria jubata), 


The partial histological destruction of this retina which had taken 
place before I received it has rendered it difficult to decide whether the 
internuclear layer contains capillaries or not, The inner nuclear layer 
contains them, 


THE RETINA OF THE Bison (Bison americanus), 


The narrow “internuclear layer” of this retina is divided into two 
parts. Vessels enter the “outer reticular layer” and pass close to the 
“dividmg membrane.” 


THE RETINA OF THE Huanaco (Lama huanacos), 


In this retina the “internuclear layer” is narrow, and I have been 
unable to find in it any capillaries. The most external seem to ms in 
the outer part of the “inner nuclear layer.” 


THE RETINA OF THE WHITEFACED SHEEP. 


The “internuclear layer” of this retina exhibits the division into 
two parts already referred to, 

The “outer reticular layer” is so exceedingly narrow that it is 
difficult to decide whether the capillaries lie in it or in the outer part 
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of the “inner nuclear layer.” They certainly never enter the “fibrous 
layer.” The whole retina is vascular and the capillaries are very smal). 
In writing of the supply of vessels to the retina of the domestic 
sheep Bruns’ states “Auch hier sind nur die dussere Korner-, die 
Stiibchen- und Zapfenschicht gefassfrei.” His plate certainly again 
shews the penetration but shews no division of the “internuclear layer” 


into two parts, 
Tue RETINA OF THE Ox. 


The “internuclear layer” of this very vascular retina is so narrow that 
the task of determining to what degree it is penetrated by capillaries 3 is 
again far from easy. 

For the most part the numerous capillaries confine themselves to 
the outer side of the “inner nuclear layer” (but not infrequently they 
enter the “internuclear layer”). _ 

In a section of Calves’ retina represented by Bruns a capillary is so 
represented notwithstanding his statement (already referred to). 


Tue Retina oF Davin’s DEER (Cervus davidianus). 


The blood vessels in this retina do not appear to be so numerous as 
in the retinae of some other ruminants. They are very small and the 
fine capillaries do not appear to penetrate the very narrow “ inter- 
nuclear layer.” The most external usually run on the outer side of the 
“inner nuclear layer.” 

The “internuclear layer” however is so very narrow that it is ex- 
ceedingly difficult to make an accurate determination in every instance. 


THE RETINA OF THE GOAT. 


‘The course taken by the vessels in this retina has already been 
described. 

Sections shewing the presence of capillaries in the “ outer reticular 
layer” were shewn at a meeting of the Physiological Society, February, 
1885. Since then I have ascertained that the internuclear layer of 
the retina of the goat is divided into two parts. The outer “fibrous 
layer” is however very narrow. No vessels cross the dividing membrane. 


1 Already quoted. 
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Tue Retina of THE DUYKER-BOK (Cephalophus mergens). 


The capillaries in this retina are very small indeed and enter but 
rarely the “internuclear layer.” 
They lie always on the inner side of that layer. 


‘Tue Retina or THE East AFrican BurFAto (Bubalus aequinoctialis). 


The narrow “internuclear layer” of this vascular retina is divided 
into two nearly equal parts, the “fibrous” and the “reticular” layers. 
Capillaries frequently enter the “reticular layer” but none cross the 
dividing membrane. 


Tae Reva or THE TUFTED DEER (Elaphodus Michianus). 


The “internuclear layer” is divided into two parts of which the 
fibrous is much the broadest. 

Capillaries are plentifully supplied to the “inner nuclear layer” and 
some pass into the “ reticular layer.” 


Tue RETINA oF THE LAMA (Species unknown). 


This retina as regards vascularity rivals that of the dog. The 
“internuclear layer” is divided into two parts of which the fibrous layer 
appears to be the broader. 

Vessels pass into the “reticular layer” and frequently reach the 
“dividing membrane.” | 


The retina of the GUINEA-PIG is absolutely, and that of the RABBIT 
is practically, extravascular. 


Conclusion. 


It seems then that the “internuclear layer” is divided into the 
“fibrous” and “reticular” layers in the retinae of the following animals; 
Man, Chacma Baboon, Dog, East African Buffalo, Tufted Deer, Lama, 
Whitefaced Sheep, Bison, Guat and possibly the Cat, 

The division | failed to observe in the retinae of the Bonnet Monkey, 
Pére David’s Deer, Bok, Ox, Huanaco, Sea Lion and Lion. 
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My failure 'to observe a division in these retinae may be due to one 
of two causes—either the fibrous layer was absent or rudimentary, or 
there had been some histological — of the retina before I 
received it. 

In the first group I saw blood vessels in the “ outer reticular layer” 
in the retinae of Man, Chacma Baboon, East African Antelope, Dog, 
Tufted Deer, Lama, Bison, Goat and Cat. In the case of the White- 
faced Sheep I could not arrive at a decision. The penetration of the 
“reticular layer” in the retinae of Man, Chacma Baboon, is not so 
frequent as in the case of the remaining animals, 

In the other group of retinae I saw vessels in the undivided “ inter- 
nuclear layer” in all except three, viz. those of the Sea Lion, Huanaco, 
and Pére David’s Deer, and in these cases the retinae had experienced 
some histological change which rendered very accurate observation 
difficult. 

For the most part the vessels were confined to the inner part of the 
layer. 

I have then in no case seen a vessel in the outer nuclear layer of a 
mammalian retina, and I have never seen a blood vessel cross the mem- 
brane dividing the nerve from the epithelial layers, and therefore so far 
as my observations go they tend to confirm the oft repeated statement 
that the epithelial layers of the retina are extravascular. | 

It seems that the retinae of ruminants are exceedingly vascular. 
Whilst I cannot make a positive statement as to the relative vascu- 
larity of different retinae since I have not made accurate quantitative 


‘comparisons, (a difficult task), yet the general impression the examination 


has left me is, that the retinae of the ruminants are on the whole more 
vascular than those of the other animals whose eyes I have examined. 
This statement however does not apply to the retina of the dog. 

Finally I desire to acknowledge the kind assistance afforded me 
during the progress of my work by Mr Marcus Gunn. 
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ON THE PRESENCE OF HAEMATOPORPHYRIN IN 
THE INTEGUMENT OF CERTAIN INVERTE- 
BRATES. By C. A. MAC MUNN, MA,MD. PI. VIIL 


THE spectroscopic observations of Prof. E. Ra y Lankester’ and 
Dr Sorby* on Invertebrates have brought to light the fact that hae- 


‘moglobin and haematin and bodies related thereto may occur in many 


of them. My observations on Actiniae’ have shown that in these 
lowly organised animals a body occurs which is of a proteid nature, 
and can be made to yield the decomposition products of haemoglobin, 
and may coexist with a colouring matter which appears to be biliverdin. 
M. Foettinger* has found haemoglobin in Ophiactis virens, a state- 
ment called in question by Krukenberg apparently without much 
reason. The presence of a histohaematin in various other Echinoderms 
tends however to support Foettinger’s view, as the passage from a 
histohaematin to a haemoglobin is conceivable. More recently I have 
found that in Mollusks and Arthropods the histohaematins are pre- 
sent as well as in Vertebrates’. Hence throughout the whole animal 
kingdom we have respiratory proteids allied to haemoglobin, sup- 
planted by other pigments in some cases, supplementing them in 
others. 

Some of these observations, sock as those of Sorby. on the haematin 
of the bile of snails (enterohaematin), have also been criticised by 
Krukenberg’®, but Sorby’s conclusions have not yet been shaken; in 
fact I may say with confidence that the facts brought to light by my 
own observations on the histohaematins, and those dealt with in this | 
paper, confirm the truth of the conclusions of this observer. 


1 Proc. R. Soc., Vol. xx1. (1872), p. 71. Journ. Anat. and Physiol. 1868, p. 114; 1870, 


119, &. 


3 Quart. Jl. Micros. Sc., Vol. xv1. p. 77, &e. 

3 Abstract. in Proc. Roy. Soc., No. 285, 1885. 

4 Belgian Acad. Bull., No. 5. Haemoglobin has since been found in a Holothurian. 

5 Abstract. in Proc. Roy. Soc., No. 240, 1886. 

° Vergleichend physiol. Studien. Zweite Reihe, Zweite Abtheilung, 1882, and Grundztige 
einer vergleichenden Physiologie der Farbstoffe und der Farben, 1884. 
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On the Nature of Harmntepireh yrin. 


It is needless and would be superfluous to repeat the statements of 
the text-books with regard to haematoporphyrin, so it will suffice to say 
that it is one of those colouring matters which, on account of its very 
remarkable spectrum in the alkaline and acid conditions respectively, 
can be easily recognised, and cannot be confounded with anything else. 
The discrepancies between the statements of Hoppe-Seyler’ and Thu- 
dichum’ as to its chemical characters are easily explicable if one 
studies the methods of preparation adopted by each observer respect- 
ively. In one case the influence of the proteid was not excluded, in 
the other the body was prepared from pure haematin. This makes all 
the difference, as anyone can see for himself, not only as regards chemical 
properties but also as regards the spectrum. The band nearest the 
violet is that most noticeable; and in the haematoporphyrin prepared 
when a proteid is present it is very dark. In fact a dark band in the 
same place may be noticed when various albumins are dissolved in 
strong sulphuric acid. 

Just as there are several haemoglobins (Hoppe-Seyler)*, so there 
are many haematins and haematoporphyrins, chlorophylls, lipochromes 
(Krukenberg)* including xanthophylls (Sorby)’*, and so on. There 
are in fact classes of colouring matters which present bands similar 
but not always identical in position; but each class has well-defined 
characters, such as solubility in certain media, behaviour to alkalies and 
acids, bands in the blue or red end of the spectrum, and reactions of the 
solid residue. ‘To anyone practised in this kind of work the recognition 
of the identity or of the relationship of pigments is not a matter of 
much difficulty. There is one fact which has forced itself on my 
attention while studying animal pigments, namely, that one may meet 
with colouring matters identical in all respects with decomposition pro- 
ducts of haemoglobin, but which are not derived from it. And this is 
not to be wondered at when one considers that physiological complexity 
may progressively increase as we ascend the scale, just as morphological 
complexity increases. It is possible that the study of such gradually 
increasing complexity may in time enable one to understand the syn- 

1 Physiologische Chemie, p. 397. 


2 Tenth Report, Medic..1 Officer of Privy Council for 1867, published 1868. 
3 Physiol. Chemie, p. 392. 


* Grundziige einer vergleichend. Physiologie der Farbstoffe und der Farben, 1884, &c. 
5 Proc. Roy. Soc., Vol. xxx. 1873. 
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thesis of very complex molecules. At the same time sight should not 
be lost of the fact that (as Prof. Moseley’ points out) pigments may be 
degraded and in process of disappearance. The animal to which they 
belong having, owing to changed modes of existence, no longer any use 
for them, and it may be added for the colouring matters of which 
they are the metabolites. 


On Haematoporphyrin in the Integument of Uraster rubens. 


In 1883? I showed that haematoporphyrin occurs in the integument 
of Uraster rubens, but at that time I was not aware of the ease with 
which it can be got out of the integument. I had heated the integu- 
ment in acidulated alcohol and in solutions of caustic scree ; but 
_ I now find such treatment is not necessary. 

In some starfishes which are of an orange or bright red colour 
tetronerythrin alone may be present, as I have shown, but in those of a 
brown tint it may be mixed with haematoporphyrin or replaced by it. 
It is easy too to show that this pigment is present as such, as a brown 
pigment may be removed by wiping the integument with a piece of 
filtering-paper, and the brown stain thus obtained gives, when examined 
with the microspectroscope, the bands of neutral haematoporphyrin. 
But it is best to mount the dried pigment in balsam, as it then shows 
the bands well defined. By comparing these bands with those of some 
haematoporphyrin prepared from haematin it is seen that no essential 
difference exists between the bands of the respective colouring matters. 

On extracting the integument with rectified spirit and ammonia 
and with rectified spirit and sulphuric acid, the spectra of alkaline and 
acid haematoporphyrin can be seen in the respective solutions. In no 
other solvent except acid and alkaline solutions could I get the pigment’ 
to dissolve. In glycerine and in acids, in alcohol, ether, chloroform, 
benzol, bisulphide of carbon, petroleum ether, &c., it is quite insoluble. 
The same remark applies to Prof. Moseley’s polyperythrin, with which, 
as I shall show further on, this pigment is identical. 

If the dried integument of such brown specimens of Uraster rubens be 
treated with rectified spirit acidulated with sulphuric acid, a red solution 


1 Quart. Jl. Micros. Soc., Vol. xvm1. 1877. 

2 Proc. Birmingham Philosoph. Soc., Vol. 11. 1883. 

3 Le. the colouring matter itself. After isolation by means of seldulaied alcohol and 
shaking with chloroform it is soluble in alcohol, &c. ; probably it is then in combination 
with the acid used. 
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is obtained (which sometimes is more of an orange colour when tetro- 
nerythin is present) and the solution shows two well-marked bands, one 
close before D, then a shading’ after D, and a dark band midway between 
Dand E. In my first series of measurements I found their wave-lengths 
to be :—(Pl. VIII. Sp. 1). 


Ist band. 2A 607 to A 591, 
Shading, A to A 576, 
2nd band. 2 566 to A 545°5, and darkest part > 563 to 548°5. 


On agitating such a solution with chloroform, after diluting with 
water, a portion of the colouring matter goes into the chloroform, giving 
two bands :—(PL VIII. Sp. 2). 


Ist. 2 607 to A 593, 
2nd. A 566 to vA 548°5. 


On evaporation this leaves a brown amorphous residue, which 
is soluble in absolute alcohol, with a red colour, and shows the same 
spectrum as before. If ammonia be added to alkalinity this spectrum 
changes to a four-banded one, and the bands now read: 


Ist. 2» 632 to A 622, 

2nd. 2» 585 to A 566 (= darker nik), 
548°5 to 529°5, 

4th. 2516 to 490°5. 


In the next series of experiments the rectified spirit and sulphuric 


_ acid extract gave the same bands as the former acid solution, reading : 


Ist. 2 606 to A 591, 
Shading. 2583°5 to 576, 
2nd. 25645 to 545'5. 


And on agitating with chloroform, after diluting with water, a red 


solution was obtained, giving the same bands: 


Ist. 2 607 to A 593, 
Shading. A 585 to A 576, 
2nd. A 566 to A 548°5. 


On evaporating the chloroform and dissolving the residue in rectified 
spirit and ammonia a lighter red solution was obtained, giving four bands: 


1 This shading has not been previously noticed in solutions of haematoporphyrin; it 
may be only visible in the micro-speetroscope. 
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Ist. 2%633°5 to 623, 

2nd. 585 to A 5675, | 
3rd. 2 545°5 to 532, 
4th. 2516 to 4945. 


These solutions retain their colour and spectrum for a long time ; in 
some made more than a year ago I can still see the bands very din 
tinctly. In such a rectified spirit and sulphuric acid solution of the 
— of Uraster the bands read at the present time: 


Ist. 2 603 to A 589, 
Shading. 588 to 573, 
2nd. A 562 to A 542 (= dark part). 


So that the bands have slightly shifted. An alcohol (rectified spirit) 
and ammonia solution shows the following bands: 


Ist.’ 2 630 to 617, 
2nd. 2 587 to d 564, 
Srd. 545 to 527°5 (= dark part), 
4th. 2514 to r 490. 


Sometimes haematoporphyrin in alkaline solution shows two bands 
in the red; this remark applies more especially to Thudichum’s alkaline 
cruentin. Krukenberg has noticed this, but no doubt it depends on 
the method of preparation’. 

Neither in Strongylocentrotus lividus, nor Echinus sphaera, nor in a 
great number of specimens of Solaster papposa, have I been able to find 
this colouring matter. In the last species I find a tetronerythrin-like 
colouring matter, but all: the specimens which I have examined have 
been of a brilliant red colour. 

Haematoporphyrin appears to be absent from Arthropods. I have 
examined both the exoskeleton and hypoderm of Carcinus moenas, 
Cancer pagurus, Pagurus Bernhardus, Astacus fluviatilis and Homarus 
vulgaris with a negative result. But in all these the above parts yield 
tetronerythrin to solvents with great ease. 

All the starfishes examined showed the presence of a histohaematin 
in the ovaries, the stomach-wall and elsewhere; and since—as I hope 
to shortly show, one can get haematoporphyrin from such pigments, 


1 In Hoppe-Seyler’s alkaline haematoporphyrin as a rule only one band in the red 
is seen. By reducing faematin with sodium amalgam and proceeding according to 
Hoppe-Seyler’s direction two bands may be present. 
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there is but little doubt that the integumental haematoporphyrin is a 
metabolite of these pigments, as I have already stated’. 


Haematoporphyrin in the Integument of Slugs. 


In brownish specimens of Limax flavus, in Limax variegatus, and 
in Arion ater, a similar colouring matter exists, and can be extracted 
from the integument (where it exists in the state of haematoporphyrin 
as such) in the same manner. In this case the acid solution has a more 
violet tinge (due to the absence of tetronerythrin) than in the case of 
starfishes, Besides this pigment another is also found which gives some 
bands ‘in the blue and violet, as I have already shown’. 

An extract made iby means of rectified spirit and sulphuric acid gives 
the following bands in wave-lengths (Limax variegatus) :—(Pl. VIII. 
Sp. 3). 

Ist. A 600 to A 591, . 

Shading. 2» 582 to A 572, \- Haematoporphyrin bands. 
2nd. 25615 to A 547, 
4th. 2» 511° to 4905, 
5th. 477 to 460. 


On agitating with chloroform the latter becomes violet-red nl gives 7 
the following :— 


Ist. 602°5 to 593, | 
Shading. A 585 to’ 576, }=Haematoporphyrin bands. 

2nd. 2 563 to A 547, | | 

3rd. A 509 to A 490°5 (2), 

4th. 2» 481 to 463°5 (?). 


The last band being much feebler in chloroform than in slpobel: | 
On evaporating the chloroform and dissolving the brown residue in 
rectified spirit and ammonia, using very little ammonia, one may obtain 
a spectrum which may be considered that of the neutral pigment and 


which shows no less than six bands, which read CS aialaitcactie as 
follows :—(Pl. VIII. Sp. 5). 


Ist. 2A 629 tor 623, 
2nd. dA 607 to A 593, 


1 This Journ., Vol. v1. p. 36. 
2 Proc. Birm. Philos. Soc. loc. cit. I proposed the name » “‘dermochrome” for this 
pigment, but this name is now quite unnecessary. 
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8rd. light shading, beginning at > 582, and dark 
part 574 to 569 (2), | 

4th. 2 560 to (2), 

5th. 541°5 to A 528, 

6th. 509 to A 482°5. 


- If now more ammonia be added the spectrum changes to that of 


alkaline haematoporphyrin, of which in this case the bands read (approxi- 
mately) : 


Ist. 2» 627 to A 6205, 
2nd. dr 580°5 to A 563, 
3rd. 2» 544 to A 532, 

4th. 2% 518 to 492°5. 


In brown specimens of Limaz I obtained abundance of the same 
colouring matter, but in Arion ater we also meet with a black or greyish- 
black pigment, also soluble in rectified spirit and sulphuric acid, which is 
free from bands. It is frequently accompanied by haematoporphyrin. 
According to Krukenberg’, K. B. Hofmann showed that in the 
mantle of Arion ater a pigment was present, soluble in acids with a violet 
colour, insoluble in alcohol. I find however that by extracting the 
integument with hydrochloric acid a violet-coloured solution may 
frequently be obtained which shows the spectrum of acid haemato- 
porphyrin. There are some individual differences in the spectra given 
by the solutions of the integument of various specimens of Arion ater, 
but they can all be shown to belong to haematoporphyrin. The 
blackest specimens of the latter slug yield less of this colouring matter 
than the lighter coloured specimens. 

The integument of a brown Arion on digestion in rectified spirit 
and sulphuric acid furnished a dark red solution in which the haemato- 
porphyrin is mixed with another pigment, giving bands in the blue and 
violet, as before. Approximately they read as follows:— 


Ist. 2» 601 tor 591, 
Shading. A 582 to A 572, | 
2nd. A» 561°5 to A 545°5, or 547. 
3rd. A 509 to A 488, 
4th. 2» 475 to 460. 


1 Grundzlige, loc. cit. 
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On diluting with water and agitating with chloroform a violet 
solution was obtained, giving the following bands':— 


Ist. 2» 629 to 624, 

2nd. a feeble shading about » 605 to r 594, 
8rd. 2 587 to X 579, and dark part up to A 569, 
4th. 544 to 532, 

5th. 2513 to A 488. 


On ‘evaporation a brownish residue was left which in solution in 
rectified spirit gave the following bands:— 


Ist. 2» 629 to r 625, 
2nd. 602°5 to 5945, 
3rd. 585 to 579, 
4th. 2» 574 to 569, 
5th. A 541°5 to A 5295, 
6th. 2A 512 to 488. 


This is therefore a mixed spectrum. 

Acetic acid does not change the alkaline into the acid spectrum, 
but a mineral acid does so at once. Supposing in the above cases that 
what I formerly called the lutein bands* were due, as Krukenberg® | 
suggests, to a lipochrome, I agitated such a solution with petroleum 

ether, but I could not see in it any such bands. Microscopically this 
pigment is deposited in granules confined to definite areas of the skin. 


In a large brown Limax the acidulated alcohol solution of this 
pigment gave the following readings:— 


Ist. A 600 to A 591, 
Shading. A 582 to A 5705, 

2nd. A 560 to A 544, 

3rd. 2 509 to A 486°5, 

5th. 475 to (?). 


In some of these acid solutions I thought I could perceive a faint 
violet fluorescence. 

In all these Mollusks enterohaematin is found in the bile and 
histohaematins in various tissues and organs, and there can be no 
doubt that here also the haematoporphyrin is a metabolite of these 


1 This is a neutral solution, neither acid nor alkaline ; ener oer ee ; 
is seen in chloroform solutions. 


2 Proc. Birm. Philos. Soc. loc. cit. 8 Grentiiies, loc. cit. 
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- colouring matters. Hence Sorby’s name of “haematin” was quite 

correct, and Krukenberg’s® criticisms are not justified by the facts 
which these observations have established. It appears to me that the 
haematoporphyrin of the integument in slugs is an excretion, and 
possibly it may be of use at the same time either as a sexual adornment 
or for protective purposes. Its presence in these mollusks acquires an 
additional interest from the discovery by Krukenberg?® of biliverdin in 
the shells of others. | 


Haematoporphyrin in the Integument of Lumbricus terrestris. 


There is a curious streak running down from head to tail on the 
dorsal surface of the common earth-worm, which gets gradually narrower 
towards the tail. It is of dark purplish-brown colour. The clitellus is 
of a dark brown-red colour, but this also contains the same pigment as 
the streak. The pigment occurs beneath the epidermis. If a portion of 
this streak be dissected off and examined with the microspectroscope it 
will be found not to give the spectrum of haemoglobin, but another 
whose bands are similar to those of the dried pigment of Uraster rubens 
and almost identical with those of Moseley’s polyperythrin. | 

_ The bands are altogether five in number, but four of them are better 
marked than the fifth. To see the bands to greatest advantage the 
portion of integument should be dehydrated in the usual manner 
and mounted in balsam. If the chart of spectra (Pl. VIII. Sp. 8, 9) be 
examined the likeness of the spectrum to that of polyperythrin is at once 
apparent, 

On measuring these bands in the integument itself the ene 
are obtained (approximately) :— 


Ist. 2» 659 to 636 or 633, 
2nd. 610 to 585, 
3rd. a shading 2 577 to A 566, 
4th. 2%» 555 to rv 532, 
5th. 2506 tor 483 


On extracting portions of integument giving these bands with © 


rectified spirit and sulphuric acid a purplish solution is obtained showing 
the following bands:—(Pl. VIII. Sp. 6). 


~ 1 Quart. Jl. Micros. Soc., Vol, xvt. p. 77. 2 Loe. cit. 
3 Centralblatt f. d. med. Wissenschaften, 1883, No. 44, The Mollusks referred to are 
Haliotis Californis, Turbo orlearius, T, radiatus, T. petholatus, Trochus maximus, 
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Ist. 2 603 to A 591, 
Shading. 2» 583 to A 575 (2), 
2nd. 567°5 to 542. 


On extracting with rectified spirit and ammonia a , four-banded 
spectrum is observed of which the bands read:— 


Ist. 2 688 to X 619, 

Qnd. 2589 to r 566, 

Srd. 2 549 to 532, 
517 to 494 (2). 


On comparing these measurements with those of a similar solution 
from Uraster rubens, it will be seen that the bands agree closely; so 
closely that no doubt can exist that these pigments are identical. 

I have compared these measurements with those obtained from | 
solutions of haematoporphyrin obtained from blood, and find that they 
agree so closely as to enable me to conclude that these pigments are 
identical with that body. : 


Professor Moseley’s Polyperythrin. 

Professor Moseley very kindly sent me some slides of polyperythrin 
mounted in balsam. They were from (1) the inside of an externally 
white Actinia dredged from 565 fathoms off Japan’; (2) a simple coral 
Flabellum from 126 fathoms; (3) a large Scyphomedusa: a surface iiving 
animal. The bands in all these specimens exactly coincide, and measured 
in wave-lengths the bands are as follow (approximately) — VIil. 
Sp. 9). 

Ist. 2» 659 to A 633, 
2nd. 603 to 581, 
3rd. a shading 573 to 566, 
4th. 2» 552 to A 532, or 553—5 to 529, 
Sth. 2504 to A 481 (2). 


Moreover the relative intensity of shading of the bands is exactly the 
same as in the dried pigment from Uraster, Limax, and Lwmbricus, and it 
will now be seen from Prof. Moseley’s further description of polyperythrin 
that it is identical with the pigment described here. In his paper “On 


1 It is exceedingly difficult to measure the bands exactly by means of the large 
spectroscope from which all my wave-lengths are calculated, as I cannot trust the 
microspectroscope for this purpose owing to the shortness of the spectrum, 
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the Colouring Matters of Various Animals, and especially of Deep-sea 
Forms dredged by H. M. 8. Challenger’,” Prof. Moseley says that 
a large series of simple stony corals and two forms of Actiniae, pro- 
cured mostly from deep water, also certain hydroids, have a partial 
or entire deep madder-red’ colouration due to the presence of a peculiar 
colouring matter, for which the name polyperythrin is proposed. This 
madder colouring matter when fresh shows three bands (the fourth 


~._ is also present but rather difficult to make out without good illumi- 


nation in the specimen sent me by Prof. Moseley), the two less re- 
frangible bands being very dark. It is insoluble in water, glycerine, 
alcohol and ether, &c. With strong HCl, HNO,, H,SO, the colour is 
dissolved, and on adding water or alcohol a solution of a peculiar pink 
colour is obtained. The solution then gives a broad intensely black 
band which includes the D line. When the solution is slightly weak- 
ened a narrow interval of colour divides the black band into two, and 
when still more reduced in strength the interval between the bands 


becomes wider, the more refrangible band becomes much more intense 


than the narrower one on its red side, and the fainter shading on 
the violet side of the more refrangible band is lost. When the solution 
is very weak one band only remains, which is the more refrangible 
one. Alkalies when added to the acid alcoholic solution cause 
precipitation of the colouring matter as a dark sienna-coloured floccu- 


lent deposit which yields the original 3-banded spectrum of the fresh 


substance. This description will apply to the colouring matters 


described above. Polyperythrin was observed by Prof. Moseley in the 
following :—Ceratotrochus diadema, Flabellum variable, Flabellum sp.? 


Fungia symmetrica, Stephanophyllia formosissima, Stephanophyllia sp.? 
Actinia with a coriaceous test, Discosoma sp? and in Cassiopea, a 
Rhizostomean Acaleph, Prof: Moseley also thinks that the same 
pigment occurs in Cyanea capillata and in most Rhizostomean Acalephs. 
Prof. Mc Kendrick, in his paper “On the colouring matter of Jelly- 
fishes,” did not observe this however’. 

As the colouring matters in Uraster, Limax, Arion, and Lumbricus 
described above are identical with haematoporphyrin and as polyperythrin 
is identical with them, polyperythrin must also be identical with 
haematoporphyrin, This opens up a new and interesting field for 


1 Quart. Jl. Micros. Sc., Vol. xvu1. 1877, pp. 1—238. 

2 The madder-red colouration can be seen in the solid pigment of Uraster when enough 
is present to show it. 

3 Journ. Anat. and Physiol., Vol. xv. pp. 261—4. 
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observation, the more so as there is no pre-existing haemoglobin in any 


of the animals examined by Prof. Moseley, and only in Lumbricus among 


the animals examined by me. There is also another very interesting 
point about Prof. Moseley’s observations’ which bears upon some obser- 


_ vations lately made by me. I found in various Actiniae a colouring matter 


which could be changed into haemochromogen and also into haemato- 
porphyrin, and which appears to be concerned in the respiration of the 
tissues of these animals, in which it takes the place of the histohaematins 
of the higher groups. 

The idea may suggest itself that the haematoporphyrin of the 
integument may be concerned in respiration, but this is very doubtful 
as reducing agents have no effect upon it. By the action of sodium 
amalgam it is converted into urobilin (Hoppe-Seyler). 

It is also an interesting fact that a kind of haematoporphyrin is 
excreted in the urine under certain pathological conditions, such as acute 
rheumatism and in Addison’s disease, which bears a most remarkable 
resemblance to polyperythrin’. 

The occurrence of haematoporphyrin in the egg-shells of certain 
birds*, and also of biliverdin, taken in connection with the facts desciibed 
above gains additional interest. In the egg-shell of the Cochin-China 
hen the bands almost exactly coincide with those of polyperythrin. 


EXPLANATION OF PLATE VIII. 


Spectrum 1. Acidulated alcohol (rectified spirit and H,SO,) extract of the 
integument of Uraster rubens, showing the spectrum of acid haematoporphyrin. 

2. This solution, after dilution with water, was agitated with chloroform, 
the chloroform evaporated, and the residue dissolved in rectified spirit and 
ammonia (alkaline haematoporphyrin). 

3. Acidulated alcohol (rectified spirit and H,SO,) extract of the integument 


1 “A pigment thus may become developed at the root of a zoological phylum, persist 
in some branches, die out in others, and in some possibly reappear by heredity. The 
existence of polyperythrin in the Actinozoa and Hydrozoa amongst coelenterates, and its 
very irregular but nevertheless wide-spread distribution amongst them, seems to be only 


' explicable on such an hypothesis.” (Mosely, loc. cit.) 


* This Journal, Vol. v1. p. 36. 

8 Sorby, Proceed. Zool. Soc., London, 1875, p. 351. Wicke, W., U. d. Pigment in d. 
Eierschalen der Vigel, Gotting. gelehrte Anzeiger, 1858, 11 Bd. 8. 314—320. Liebermann, 
Berichte d, deutsch. chem. Ges. x1. April 1878; and Krukenberg, Die Farbstoffe der Voge- 
leierschalen, Wiirzburg, 1883. | 
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of Limaz or Arion, showing the spectrum of acid haematoporphyrin mixed 


with another colouring matter. 


_ ‘4, This solution was diluted with water, agitated with chloroform, the 
chloroform evaporated, and the residue dissolved in rectified spirit and 
ammonia (alkaline haematoporphyrin). 

5. The residue from a chloroform solution ata as in 4, dissolved in 
rectified spirit with a little ammonia: this is a mixture of the alkaline and acid 
colouring matter. 

6. Acidulated alcohol (rectified spirit and H,SO,) extract of the “streak” 
on the dorsal surface of Zwmbricus (acid haematoporphyrin). o 

7. The isolated pigment in rectified spirit and ammonia (slkiline 
haematoporphyrin). 

8. The dried pigment of the dorsal ‘ ‘ streak ” of tuidticlbas mounted i in 
Canada balsam. 

9. Prof. Moseley’s polyperythrin, from the dried pigment of ihiedlona, 
mounted in Canada balsam. 

.8 and 9 are seen to be identical. 
The last four are drawn to a smaller scale than the first five spectra. 
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ON THE DIGESTIVE PROCESS IN SOME RHIZOPODS. 
By M. GREEN WOOD, Demonstrator of Physiology, N Newnham 
College, Cambridge. 


From the Physiologica Laboratory, Cambridge. 


In the somewhat copious existing literature which treats of the 
structure and development of the Rhizopods, the ingestion of formed 
‘matter on their part is generally instanced as constant and characteristic 
in occurrence. While however, subsequent change in the matter so 

ingested is almost uniformly said to take place, the descriptions of such 
change are incidental and fragmentary, and few of them are of recent 
date. 

Yet the question of the nature of digestive change in organisms so 
simple has interest in itself, and it has acquired additional interest since 
certain observers have asserted that intra-cellular digestion exists among 
Invertebrates to no inconsiderable extent. Thus for example, Ray 
Lankester’ has noticed such action in the endoderm of Limnocodium ; 
Metschnikoff* has described digestion as occurring in the mesoderm 
cells of Synapta, and Phyllirhoé, and among Vertebrates has claimed for 
leucocytes and some connective tissue corpuscles digestive as well as 
ingestive power. 

I give therefore in the following pages some of the conclusions on 
this point which study of certain Rhizopods seems to me to justify, and 
I preface them with a brief account of the observations which have been 
made by previous workers, since so far as I know a connected statement 
of these has not been given. The observations are arranged not in 
chronological order, but according to their completeness, 

_ Bearing in mind the means by which digestive change is effected in 
mammals it is natural to search first for statements of ferment action. 
And statement of this kind as affecting the Mycetozoa® occurs in a 


1 E. Ray Lankester, Quart. Journ. Mic. Sci., Vol. xx1. p. 123. 

2 E. Metschnikoff, Arbeiten a. d. Zool. Instit., Wien, 1833 ; Virchow’s Archiv, 97. 

3 These are placed by Lankester among the Plasmodiata of Protozoa. (Article 
“ Protozoa,” Encycl. Brit., part 76.) 
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paper written by Krukenberg’. He finds that a glycerine extract of 
the plasmodium of Aethalium (Fuligo) has, in the presence of lactic 
acid or hydrochloric acid exceptionally quick proteolytic action. This 


- action Krukenberg finds to be inseparable from a degree of acidity 


greater than that normally possessed by the Mycetozoa, which have 
indeed neutral if not faintly alkaline reaction*®, In the Oligochaeta and 
certain allied Invertebrates also investigated by Krukenberg, evidence 
seems to show that all the ferments present in their substance cannot 
function ; thus for example a tryptic ferment active only in an alkaline 
medium is poured into a strongly acid region of the alimentary canal. 


The peptic ferment in Mycetozoa appears to be analogous to these; it is 


a digestive power which apparently in life is only potential. 

In forms still less highly organised chemical research has not shown 
that any ferments are present, all that is known of the digestive process 
being deduced from observations of the appearance of ingested matter. 

Perhaps the most continuous of such observations are those of 
Leidy*®. All the Algae so generally present in the Amoebae he calls 


food, and he considers that the voracity of an Amoeba varies directly 


with the amount of such food which it contains. He emphasizes the 
occurrence of Dinamoeba mirabilis in places where certain Algae, which 
are largely ingested by it, abound, and, speaking of the condition of 
enclosed chlorophyll-holding bodies, he mentions that in one case a 
diatom which was green when first ingested turned to brown after an 
interval of thirty-six hours. More instructive than these statements 
however are his accounts of two acts of ingestion. 

One of these relates to the capture of a Urocentrum. The Infusorian 


1 Krukenberg, Kiihne’s Untersuchungen, 1. 1882. According to Krukenberg the 
ferment differs from gastric pepsin in its behaviour towards certain organic acids. Fat 
where present in considerable quantity prevents its action on raw fibrin, although it has 
little or no effect if the fibrin has been boiled. 

2 I may mention that this ferment power in the Mycetozoa was confirmed by the 
following experiment. 

The plasmodium of a member of the group extracted with Hydrochloric Acid -4°/, 
showed marked solvent action on carmine stained fibrin. An aqueous extract had no such 
effect either at the temperature of the room or at 37°C., and similar absence of action 
marked the contact of fibrin even for many hours with an aqueous extract diluted with an 
equal volume of 2°/, sodium carbonate. Such aqueous extract placed in the warm, or kept 
at the temperature of the room also showed no amylolytic action, though Wortmann 
(De Bary, op. cit.) describes corrosion of starch after a stay of two or three days in the 
substance of Aethalium and Kiihne according to De Bary has mentioned also in 
Aethalium the occurrence of a ferment acting on starch. 

5 J. Leidy. Fresh Water Rhizopods of N. America. 
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was embraced by two pseudopodia put out by the Amoeba, and, moving 
at first in the space so provided, it presently (and apparently before 
ingestion) became still. On its quiescence, enclosure was completed by 
_ the flowing up of films of ectosarc, and it was drawn into the substance 
of the Amoeba, At first it lay in a vacuole and was recognisable by its 
structural characteristics; after watching “for some time” however all 
trace of its individuality was lost. 

The other and more complete description is based on the ingestion 
of an Amoeba verrucosa by a slightly larger Amoeba proteus. Here 
intermittent watching for seven hours after ingestion showed the 
appearance of a vacuole round the enclosed Amoeba and the division of 
its substance into five balls. They were apparently scattered through 
the captor, but their final fate was not determined. Kd6lliker’ in 
his study of Actinophrys sol. describes the act of ingestion, the vacuole 
in which ingested matter lies and in which it undergoes change, and the 
ejection of insoluble remains from a vacuole. Digestion is, he says, 
usually competed in from two to six hours. 

Haeckel’* writing in 1865 on the structure of Rhizopods implies 
that the amount of granularity of their sarcode (and he makes no 
distinction between fine granules, coarse granules, fat and crystals) 
varies directly with the amount of ingested food. He regards the 
granules as the result of “chemical activity of the digesting sarcode” on 
nourishment which has been taken up, and thinks that their destiny is 
to become part of the sarcode, And he describes some stages of an act 
of digestion. The Rhizopod observed was Protogenes primordialis, 
(possessing finely granular substance and many filiform pseudopodia, 
having no test, no nucleus, no contractile vacuole), and its prey was a 
living Ceratium. This was approached and at first touched by numerous 
neighbouring pseudopodia. Six hours later enclosure was complete, the 
Protogenes appearing as a delicate granular film; the next morning the 
Ceratium shell was empty, and the Rhizopod, spherical, destitute of 
pseudopodia and filled with darkly granular substance lay removed to 
some little distance. 

Carter® at a date somewhat earlier than that of this observation | 
points to the ingestion of crude food, and subsequent evacuation of 
egesta as the great difference between Amoebae and plant cells. He 


? Kélliker, ‘‘Das Sonnenthierchen Actinophrys sol.” (Zeits. fiir wiss. Zoologie, 1849). 
2 E. Haeckel, Zeit. f. wiss. Zoologie, 1865. 
> Carter, Annals of Nat. Hist, Vol. x11. 1863. 
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256 M. GREEN WOOD. 
says that without doubt digestion is the peculiar and particular function 
of the “‘sarcode,” (used by him as equivalent of endosarc) :—“for we may 
watch this, from the inception of the food, through its being broken 
down by the solvent process to the ejection of the refuse.” He also 
describes at some length the ingestion of a young Acineta, its division 
into two parts and the surrounding of each by a vacuole; and he 
speaks of the purposeful movements of an Actinophrys where food was 
concerned ; of its waiting for and devouring the spores of Pythium and 
Spirogyra on their exit from the mother cell. Carter’s figures of the 
animals and their performances are not clear, and he fails to enter into 
any explanation of the solvent process referred to by him. 

Wallich’ writing in the same year claims for Amoebae discriminative 
power in the selection of their food, and regards as accidental the 
occurrence of the inorganic bodies so generally present in the endosarc : 
he describes the transference into the body of an Amoeba of portions 
of a living Actinophrys too large for unbroken ingestion, the transference 
being effected by the tearing action of pseudopodia. Wallich*® does 
not, I believe, record consecutive observations of different stages of the 
digestive act, but he emphasizes the fact that “food-vacuoles” or areas 
of fluid are formed round soluble matter that has been ingested. 

Other references to this subject which I have been able to find, are 
in many cases more fragmentary than these. So Greef* in discussing 
the structure of a species of Heliophrys speaks of the occurrence in 
variable number of green and red bodies apparently due to ingestion of 
nourishment. Later, F. E. Schultze‘ notices but does not describe, 
the act of ejection from a Mastigamoeba ; and, working chiefly on the 
testate Rhizopods he speaks of the general gathering of food in a more 
or less well marked zone towards the posterior part of the animal’s body. 
“Food such as Algae” he says, but from his figures would seem to show 
a tendency to term food anything which is unlike protoplasm and not 
obviously inorganic, Dujardin’ recognises the ingestive power of 
Amoeba, describing the occurrence of starch grains and small Algae in 
its substance. He apparently believes that such formed matter is 
too insoluble to serve as food and that the Amoeba is only nourished 
by absorption of matter in solution. 


1 Wallich, Annals of Nat. Hist. Vol. xu. 1863, p. _ 
2 Wallich, op. cit., p. 436. 

> R. Greef, Archiv f. mik. Anat. x. 1874, 

* F, E. Schultze, Arch. f. mik. Anat., x1, 1875. 

*’ Dujardin, Histoire Nat, des Infusoires, 1841, 
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'  Griiber', who has worked more lately, assumes the nutritive function 
of formed matter in the substance of Amoebae, even implying that sand 
particles or crystals when largely present exert grinding action on what 
is ingested. But he considers that some organisms may be taken up 
apparently without suffering for. a time at all events any loss of 
functional power. So he notices a small Amoeba verrucosa imprisoned 
within a larger member of the same species, and showing during one 
day no cessation or slowing of movement. Further he seems inclined 
to adopt the view that the large Algae conspicuously present in Amoeba 
binucleata are amylogenetically active for some time after ingestion ; : 
and he suggests that certain rod-like fungi present in the same species 
of Amoeba use for their nutrition, oxygen derived from the work of the 
Algae. 

_ Any account of the literature of intracellular digestion (and the 
process in Rhizopods is necessarily intracellular) would be incom- 
plete without reference to the work of Metschnikoff*. For the 
endoderm of Mesostomum and for mesoderm cells of Synapta and of 
Phyllirhoé he claims as normal function ingestive and digestive power ; 
this power he says is exercised against useless and harmful bodies 
foreign to the organism (boiled echinus eggs, fat globules of milk) and 
against disintegrating tissues during metamorphosis. In the white 
blood corpuscles of the frog, functioning as Phagocytes he figures 
ingestion and to some extent disintegration of Bacteria’, noticing too in 
the phagocytes of the mammalian — probable remains of memes 
cells. 

Ray Lankester* finds that intracellular Sinteniod occurs in the 
endoderm cells of Limnocodium. He gives figures of ingested and 
disintegrated Protococci, but he does not describe the method of 
ingestion nor state the time required after enclosure to produce altera- 
tion. 

Parker’® looks cpus dark particles seen, in oe endoderm cells of 
hardened specimens of Hydra, as food, and in one case describes a Diatom 
in the endoderm of a specimen of Hydra killed during full digestion, 
This also he regards as indicating digestive power in the cell. 

Finally Brandt’ describes the death and change of a small Ostracod 


1 A. Griiber, Zeitsch. f. wiss. Zoologie, 1882 and 1884. 

Metschnikoff, Arbeiten a, d. Zool. Inst., Wien, 1883; 1878. 
3 Virchow’s Archiv, 97. Lankester, op. cit, 

* Parker, Proc. Roy. Soc., 1880. 

* Brandt, Fauna u, Flora d. Golfes v. Neapel, 1885. 
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within a specimen of Sphaerozoum. Ke differs from most observers in 
thinking that the movements of the prey greatly aid if they are not 
essential to ingestion. He notices that “on the next day” the Ostracod 
was dead but does not follow it to complete absorption, nor its un-— 
digested remains to an ejection stage. 

There are then but few descriptions which deal at all fully with the 
mode of ingestion, and still fewer which give in detail the changes 
taking place in ingested bodies. Further, it would appear from the 
above account, that a vacuole may be present or may be absent round 
ingested solid matter: most observers however associate its presence 
with digestive change. Lastly, it will be noticed that when a vacuole is 
present there is no indication that the fluid which makes it up is acid 
or alkaline. The only observations which bear on this point are those 
of Engelmann’, and De Bary’. Engelmann mentions that litmus 
may redden when ingested by Paramoecium, by Stylonychia and by 
some species of Amoeba, and Bourne’ says incidentally that he has 
seen aniline colour in the interior of Vorticella undergo a change like 
the change brought about in it by the action of an acid. De Bary 
describes the ingestion of carmine on the part of a Mycetozoon and its 
subsequent presence and persistence in a vacuole filled with pink 
coloured fluid, Such a succession of events is not characteristic of 
every Mycetozoon, but if established for one indicates in it formation of 
alkali rather than acid. 

My own work dealt with forms in which by chemical investigation, 
no ferment has as yet been detected,—with Amoeba Proteus and Actino- 
sphaerium Eichornii. Some features of the process studied, mark both 
animals alike; in some ways a difference exists, whether fundamental 
or rather accidental and ascribable to the exigencies of structure 
obtaining in each case I cannot now say. The generalizations I give 
are based mainly on the study of Amoeba. Any confirmation or 
differences of result which are afforded by Actinosphaerium, I will 
mention in connection with their appropriate points of description. 

For the sake of convenience I notice first the act of ingestion ; I will 
turn then to the change undergone by matter after ingestion, and finally 
I will pass to the consideration of the means by which such change is 
brought about, 


1 Engelmann, Hermann’s Handwirterb. d. Phys. 
2-De Bary, Pilze, Mycet. u. Bacterien. 
> Bourne, Quart. Journ. Mic. Sci., xx1v. 
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The Act of Ingestion. 


This I watched in Amoeba proteus. Here the fluidity of the 
protoplasm is associated with active movement and well marked 
progression in one direction, so that a fairly constant hind end may be 
distinguished. And in this organism it is the hind end which most 
actively ingests’. The ectosarc is drawn like the rim of a funnel round 
the prey, and the opening which corresponds to the mouth of the funnel 
is ex-centrically closed. In the case of quiescent solid matter such as 
starch grains or Torulae but little fluid is included; when however an 
actively moving prey is dealt with, an area of water not inconsiderable 
surrounds it. The ectosarc of two enclosing pseudopodia first fuses 
distally of the object and leaves a space in which movement goes on,— 
a space only gradually reduced and never done away with by complete 
inclusion. Some of the lateral pseudopodia of Amoeba proteus may 
exercise prehensile function, but I have never seen ingestion in the 
most anterior most actively moving part. 

In Actinosphaerium no distinction of front and hind end exists; 
here a pit is formed on the surface of the animal; the prey is drawn to 
it by pseudopodia, and is enclosed, with very little accompanying water, 
by a film of hyaline protoplasm which advances from one side. The 
amount of water of ingestion in the Amoeba seems merely accidental 
and due to the less dexterity of seizing and holding naturally possessed 
by its blunt pseudopodia than by the filiform pseudopodia of Actino- 
sphaerium. 

The limits of the time occupied by the act of ingestion are difficult 
to fix, for variation is introduced probably by differences in pressure 
under which the observed organism exists, and certainly by variation in 
the activity of the prey. Fat, for example, I have seen completely 
ingested in three hours by Actinosphaerium although pressure was 
exerted by the cover-glass, while the writhing movement of an attacked — 
Euglena had not ceased at the end of between two and three hours 
though it was weakened and modified. And continued proximity with- 
out ingestion is at any rate possible, for I have seen a Flagellate 
Infusorian after contact-of one hour move off from the neighbourhood 
of an Actinosphaerium, though its movements were less rapid than usual. 


1 Leidy, op. cit., emphasizes this localization of ingestion, 
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Brandt’ indicates the same possibility of escape in speaking of 
ingestion by Sphaerozoum. He implies that the capture of a very 
actively moving prey is, with this animal, rare; that only sluggishness 
_induced by dying allows enclosure. Movements in this case, ineffectual 
to free the prey, serve merely to carry it further into the gelatinous 
substance of its captor. — 

In the case of Amoeba the time is much reduced. Contact may, it 
is true, be established and broken many times with no result, but 
determinate ingestion is a matter of minutes rather than of hours. It 
is difficult here to draw the line between ingestion and beginning 
subsequent change, since quiescence on the part of motile prey probably 
indicative of the one is necessarily also significant of the other. 


Changes undergone by ingested bodies. | 


I will consider the nature of such changes arid their extent in the 
case of Amoeba first and afterwards in that of Actinosphaerium. These 
are not constant factors, but vary with the nature of the solids taken 
up, and among such solids may be distinguished ? 

(a) Certain insoluble carbohydrates ; starch grains and cellulose. 

(b) Fat globules; the fat of milk being the form chiefly studied. 

(c,) Proteid enclosed in a markedly insoluble investment ; as the 
protoplasm of organisms possessing a cellulose wall. 

(c,) Unshielded proteid chiefly in the form of small animals 
without tests. 

(d) Matter which is in all probability innutritious, as for example 
litmus. 

So far as I have observed the fat, the pure deitechibiaaken nd 
naturally the litmus seem useless to the Amoeba for purposes of 
nutrition: the proteid enclosed in a cellulose envelope is capable of 
change which the envelope itself resists; while rapid and far-reaching 
change is pre-eminently characteristic of the small animals (generally 
Infusoria) which form the great part of the Amoeba’s “unshielded 
proteid” food. 

() Starch is not digested. Contact i is s followed by rapid ingestion, 
but in the substance of the Amoeba the grains, moving in indefinite 
regions, may be for three and four days unchanged ; and after a stay of 
six days, they may be ejected unaltered i in form, in size and in their 
reaction towards iodine. 

1 Brandt, op. cit. 
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(b) Of fat I can speak less certainly. On placing milk within reach 
of an Amoeba the fat globules are ingested in groups; their subse- 
quent dispersion indicates apparently that they come under no localized 
digestive action; and after a stay of at any rate twenty-four hours they _ 
give normal and ready reaction with osmic acid. In experiments made 
on the ingestive capacity of the white blood corpuscles of the frog I 
noticed ready and accumulative enclosure of fat globules, but after the 
lapse of some days I could see no change in roundness or refractive 
characters. Here my results differ from those of Metschnikoff* who 
describes a breaking up of the milk globules ingested by the mesoderm ~ 
cells of Phyllirhoé. 

Neither in the white blood corpuscles nor in Amoeba did I observe 
any fusion of the fat drops of milk. 

(c,) In the absence of observed change in the cases of insoluble 
carbohydrate and of -fat it remains to consider the fate of ingested 
proteid; in the first place proteid surrounded by cellulose walls; in 
the second place proteid without such insoluble investment, Of the 
organisms coated with cellulose, I have noticed forms without cbloro- 
phyll such as Torula, and among green forms Protococcus and certain 
unidentified algal spores. The cellulose wall never breaks down. No 
alteration in outline is to be observed in Protococcus after ingestion of 
twenty-four hours or even longer, and in Torula after enclosure of five 
days. Leidy however describes changes in the character of the invest- 
ment, for he speaks of an enclosed Alga bent on itself. : 

The Torulae ingested in groups may or may not remain aggregated ; 
the vacuolation of their substance is gradually lost, and after enclosure 
of four days I have seen them ejected with no other obvious change. 

When chlorophyll is present any alteration of which change of tint is 
indicative is also slow. This alteration is not the decolorization 
characteristically effected in green cells by dilute acids, but is, as has 
been described, a uniform change from green to brown. It is probably 
an accompaniment. of proteid change dependent for its existence on 
slowness of digestive action; for that upon occasion protoplasmic disin- 


tegration is possible while yet its colouring chlorophyll remains bright _ 


green, an observation given below sufficiently shows. As a rule no indi- 
cation of the brown tinge is to be seen in seven or nine hours; even 
in eighteen or twenty hours it is slight; and Leidy, who once figures 
subsequent stages, pictures it as complete only after a day and a night. 


1 Metschnikoff, op. cit. 
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The ingested particles which observation demonstrates to be oxo 


changed (that is, which are brown within their cellulose coats), I 
should judge to have been within the substance of the Amoeba for 


many days, 

In one instance in which I watched the enclosure of a ciliated Alga 
comparatively rapid quiescence and change of the flagellum was 
observed, and this change as being brought about on unshielded proteid 
is comparable with the action of the Amoeba on small illoricate 
animals. 

(c.) This action I have studied chiefly in the case of Monads, and 
in an experiment which I give in tabular form below. The experiment 
was carried out on an Amoeba watched at intervals during eight days. 
Torulae and starch were supplied to it on the first day and ingested; — 
other nutrient matter it had none until in the water in which it lay, on 
the fourth day many small Monads developed. I imagine that 
previously scanty nourishment enabled the animal to exert all the 
digestive powers proper to it when opportunity for such exertion occur- 
red; at any rate in the thirty four ingestions I recorded (and others 
were watched) rapid change in every case took place. In these Monads 


_(Monas Dallingeri, Saville Kent) could be distinguished contractile 


protoplasm, apparently homogeneous and forming the long flagellum; 
and non contractile faintly granular protoplasm forming the distinctly 
outlined body. Enclosure of single specimens was the rule, though 
sometimes two or three were taken together. Active movement at first 
went on in the vacuole of ingestion but in an average time of seven 
minutes there was quite sudden stoppage, and the regularity of outline 
of the prey became lost; its substance showed a turbidity developing 
with succeeding minutes into coarse granularity. 

The flagellum though so suddenly quiescent seemed less rapidly 
broken down than the body of the Monad; in fifteen minutes however I 
have seen bright dots which I take to be the remains of it floating in 
the vacuole which, ingestive at first, must later be regarded as digestive. 
This vacuole diminished in all cases after the first most obvious change 
in the enclosed prey, and its disappearance left a mass of coarse, coherent 
highly refractive granules which no longer kept a place in the hind end 
of the Amoeba. 

The quickest loss of vacuole wbich I recorded was one occupying 
only twenty minutes: the average time taken by such loss was one 
hour: while the extreme case of persistence recorded was due, I believe, 
to the additional presence of food other than unshielded proteid and 
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may perhaps be described in some detail. The objects received into one 
vacuole of ingestion were a Monad with the characters given above as 
normal for these organisms, and a green Protococcus. Quiescence on 
the part of the Infusorian seemed long in onset but was perfect in 
between fifteen and twenty minutes; typical irregularity of form and 
granularity then set in, and the flagellum showed as usual more re- 
_ sistance to action than the body to which it was attached. 

For about four hours this group of solid matter was continuously 
watched; through the four hours the vacuole persisted though not 
undiminished ; the Monad, at first swollen, became later much reduced 
in size and at the end of the third hour formed a small semi-circular 
mass fitted as by some force over one part of the circumference of the 
Protococeus. This was very slightly changed, except that it showed 
more clearly the cellulose envelope, the contained protoplasm taking on 
an appearance which for want of a better word I term turbid. At the 
end of six hours from ingestion, the digestive vacuole was hardly percep- 
tible, the Protococcus was still green in colour, and its — relatively 
to the remains of the Monad unchanged. 

I have given this instance at length because it seems to bring into 
sharp contrast action on what I have called unshielded proteid and on 

a cellulose-coated organism, and because it emphasizes the difficulty of 
analysing digestive change in the Amoeba when only slowly changing 
Algae are observed. They however are valuable inasmuch as when the 
distinctive digestive vacuole is gone, colour and contour mark them out 
from the surrounding endosare of the Amoeba, and they therefore help 
to supply some links in the chain of change from ingestion to ejection. 

I have never watched an enclosed Alga for many consecutive days, 
but from disjointed observation I think that when ingested they are 
living, that during their imprisonment the Amoeba acts on them slowly, 
that their cellulose wall never becomes perforate or fissured, the 
chlorophyll-holding protoplasm in it changing in colour to brown from 
green and showing first turbidity, then shrinking. The fact that the 
cellulose wall continues imperforate precludes the possibility of direct 
“protoplasmic action” in digestion ; hence it follows that fluid secreted 
by the substance of the Amoeba into a vacuole diffuses through the 
wall as through any membrane and acts on the proteid therein contained. 
This vacuole is probably lost at a certain stage of digestion, but later 
fresh fluid is poured around the prey and forms the vacuole of excre- 
tion, This passes with its contents to the extreme periphery of the 
Amoeba and is then opened outwards by contraction of the subjacent 
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protoplasm, the act of ejection being effected with force enough to 
propel the effete matter to some distance, The ‘unshielded proteid”, 
ingestion of which I so often saw in the experiment mentioned above, 
I never traced to its ejection stage, and indeed during the four days of 
_ watching in the case of the Amoeba which was so actively ingestive, an 
act of ejection was never seen. I cannot therefore say that j in this case 
_a vacuole of excretion was formed. 

Such is the evidence I have for the extent of digestive change in 
Amoeba ; of the means by which it is brought about I will speak after 
giving some account of parallel activity on like objects as exhibited by 
Actinosphaerium. This animal as is well known has a spherical proto- 

plasmic body honey-combed by many vacuoles; the vacuoles of the 
_ peripherally lying substance are larger than hone that lie deeper; the 
intervacuolar protoplasm bears granules, and from the surface filiform 
pseudopodia are indiseriminately protruded. 

_ In considering digestive action here I notice in the order preserved 
in speaking of Amoeba the fate of ingested carbohydrate, fat, and 
proteid. 

(a) In Actinosphaerium starch grains are ingested, sceigh not 
rosie: ; they are not changed and apparently not long retained, and 
during their stay they have for investment a sheath of the animal’s 
substance not containing more granules than is normally the case. The 
process of ejection hardly justifies the use of such a term: it is slow, 
destitute of the expelling force shown in the parallel action of the — 
Amoeba, and is perfected by pushing on the part of the filiform pseudo- 

(6) Fat globules given as before in the form of milk are generally 
ingested in groups. The surrounding vacuole of ingestion is hardly 
perceptible; the fat granules in groups are kept near the periphery of 
the animal, and granules which characterize its protoplasmic framework 
gather markedly in twenty to thirty minutes. © At first they enclose the 
fat clumps in a cup-like space the mouth of the cup pointing outwards ; 
later they effect entire enclosure, so that definiteness of outlines of 
individual milk globules is lost because of a. superimposed heap of 
small granules proper to the Actinosphaerium’s substance. Perhaps one 
hour later oscillation of the “proper granules” appears to indicate the 
formation of a vacuole on, or in, which they lie; and I believe that this 
vacuole once formed is never lost until it serves as a means‘of ejection ; 
for it may be seen eight hours after capture of the prey. This vacuole 
is in the earlier stages of digestion very difficult to observe; I believe | 
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that in normal excretion it is very generally present, though Brandt’ 
speaking of Sphaerozoum says that digestion does not here take place in 
definite vacuoles *. 

In the length of time mentioned above (seven or eight hours), while 
certain fat globules seem to be distributed along the framework of the 
Amoeba with contour and refractive characters unchanged, some amount 
of change and solution takes place, and watching has made me regard 
faintly granular masses of substance as the excretory representatives of — 
ingested milk. 

(¢,) The question of change in organisms possessed of cellulose. 
coats is interesting, because they are so often mentioned as a common 

food of Actinosphaerium. When ingested they may be, indeed they 
generally are, thickly surrounded by “proper” granules, At first without 
surrounding vacuole, later, one develops, and from a vacuole final ejection 
takes place. The condition of ejected matter shows that here as in the 
case of Amoeba there is no rupture of the cellulose wall, but there is 
disorganisation and often discoloration of the contained chlorophyll- 
holding protoplasm. 
_ (¢,) It remains to consider the case of what I have called 
unshielded proteid. I give later the details of an experiment which 
showed more markedly than any other I made, the stages of the pro- 
found change which in this case follows ingestion. At this point, I may 
briefly say that a larval crustacean apparently almost completely in- 
gested (i.e. ingested under no pressure) before watching was begun lost 
shape and rigidity after the lapse of eight hours; that during this time 
impure fat globules apparently derived from it had been ejected, that. 
“proper” granules had gathered one it, and a vacuole not originally. 
present had enclosed it. 

_ Another instance confirmed the extent of change indicated here. 
The prey was one of the Euglenoidea with green’ protoplasm, long 
flagellum, and actively moving body. Ingestion took place slowly because 
under observation (i.e. under slight pressure), and two and a half hours 
after attachment, writhings though modified and limited were still 
discernible. In fifteen hours, ie, the next morning, disintegration had 
taken place, a disintegration which left only an amorphous mass still 
diffusely coloured with a“ green as the representative of the once: 
active prey. 


1 Brandt. Op. cit. 
* In Actinophrys such vacuoles are Maitel by Kélliker (Op. cit.), by Clapar de 
(Miiller’s Archiv, 1854) and by Sarenberg (Die Infusionsthierchen). 
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All matter ejection of which I have watched in Actinosphaerium is 
passed out from a vacuole; granules do not however gather round 
everything that is ingested. 

That the possibility of distinguishing these hasta indicates some 
difference of process here from what obtains in Amoeba seems probable; 
the reality of the difference may be shown or disproved by consideration 2 
of the last point I named above. . 


The means by which the digestive change is brought about. 


Speaking of the nutrition of Protozoa, Ray Lankester’ says “we- 
have not yet any satisfactory observations on the chemistry of intra- 
cellular digestion of Protozoa.” And later he alludes to “this process, in 
which close contact with living protoplasm is necessary that the solution 
of an albuminous food particle may be effected.” In the case of the 
Amoeba, however, it would appear that digestion cannot be attributed to 
direct protoplasmic action, for profound change takes place while yet a 
vacuole, that is, a layer of fluid separates the prey from the protoplasm 
which has ingested it. In the same way not only fluid but an imper- 
forate cellulose wall separates the proteid of an enclosed Alga from all 


contact with the substance of its captor. Some special excitation of 


function seems therefore to follow the taking in of food, function which 
finds expression in the secretion of some digestive fluid by the Amoeba 
into the vacuole which surrounds its prey. It appears further that 


_innutritious bodies do not-serve as stimuli or act so only to a very slight 


extent. It may be supposed that continued activity is bound up with 
absorption and that the effect of an initial ingestive stimulus soon passes 
away. For from the beginning the vacuoles surrounding innutritious 
substances are not striking, (the necessary water of ingestion soon 
disappearing) and their ejection is without that “viscid fluid” which, 
following Leidy, I notice as the exit accompaniment of undigested débris. 
A good example of this fact was found in an Amoeba alluded to 
above. This took up starch on the first day of watching and on the 
fourth ingested Monads ; soon after taking up the Monads it rejected the 
starch grains. These were, as has before been mentioned, unchanged ; 
they were at no time surrounded by marked yacuoles, and sige expelled 
they were unaccompanied by fluid. 


The existence of this peculiarity of excitation vanilla lessens 


1 E. Ray Lankester. Art. Protozoa. Ency. Brit. 76. 
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the value of observations on the behaviour of ingested litmus. I have 
seen blue litmus unchanged by a stay of twenty-four hours in a frog’s 
white blood corpuscle, and still blue after retention for seven hours in a 
living Amoeba, and twelve hours in the same creature dead. But 
litmus shares the fate of other innutritious matter in not exciting 
that function which finds expression in the formation of a vacuole of 
digestion, and therefore could not help to the detection of acid if it 
were formed as a result of such function. 

If the change in carmine ingested by certain of the Mycetozoa men- 

tioned by De Bary’ is to be emphasized, indication of alkalinity in the 
. fluid of the vacuole may be argued since carmine is soluble in alkalis; 
the description of solution here taking place is, however, not borne ~ 
out by the observations of the same worker on Chondrioderma, this 
Mycetozoon ingesting but little, and showing in the matter so ingested no 
subsequent change. I have tried to test the reaction in Amoeba with 
methyl violet and with tropaeolin, but without success. Methyl violet 
was not ingested but passed into Paramoecium and there showed no 
change to blue; tropaeolin killed the Amoeba, marked swelling and 
final collapse taking place. 

In the case of Actinosphaerium I have been unable to detect an 
acid reaction. An early stage in digestive change is, as has been 
shown, marked by the gathering of “proper” granules round the prey. 
What the full significance of this gathering is I do not now know; it 
may mean on the one hand that part of the Actinosphaerium has 
acquired definition of form in correspondence with settled function ; it 
may, on the other hand, simply be due to the comparatively stationary 
condition of the digesting animal and its food, so that only by 
“streaming” protoplasmic movement can be attained that general 
approximation of acting endosarc and food acted upon which is ensured 
by flowing in the case of the more shifting protoplasm of the Amoeba. 
Be this as it may, I take the granular gathering to be significant of 
secretory activity and notice that here, as in Amoeba, there seems no 
attempt to digest finally innutritious matter which has been enclosed ;— 
that is to say that starch and litmus may be ingested and ejected 
without having provoked any surrounding of granules. 

This view is consistent with the fact that figures of Amoeba as given by 
Leidy* and Griiber* do not, I believe, represent obviously indigestible 
matter, such as sawdust and sand, as enclosed in vacuoles ; in connection 

1 De Bary. Pilze. Mycet. u. Bact. 
2 J. Leidy. * Op. cit. 3 Griiber, loc. cit. 
19—2 
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with it I may notice the discrimination emphasized by Metschnikoff' 
(here in the matter of ingestion) in the case of the endoderm cells of 
‘Mesostomum. He found that these cells refused to ingest carmine 
offered in the free state, while the soft parts of Nais (previously fed 
with carmine) were readily fragmented and absorbed conveying with 
them included colouring matter. Wallich* points out that in Amoeba 
all organic bodies intended for food are probably acted upon when in 
digestive vacuoles. He also thinks that such “ vacuolar cavities” are 
not necessarily present in the case of insoluble substances, such sub- 
stances lying sometimes in contact with the protoplasm which has 
enclosed them. | 

Ray Lankester* mentions that in the neighbourhood of the 
endoderm of Limnocodium, a Rotifer moved free, although an enclosed. 
Protococcus showed the presence of ingestive power. 

Opposing this view we find very generally extra-cellular secretion 
excited in response to mechanical stimulation. We find too that De 
Bary in the Mycetozoa regards ingestion as the normal result of the 
stimulus of contact, acknowledging the while that readiness of response 
varies in different Plasmodia, that carmine for example is little taken 
up by Chondrioderma and largely by Didymium serpula. 

I must emphasize a further difference between Amoeba and Actino- 
sphaerium. In the latter animal a marked vacuole round food stuff 
developes gradually only during digestion (vide supra). It is possible 
that its beginnings are hidden by clustering granules, though Brandt’ 
denies its formation at least in Sphaerozoum. 

In order to compare individual features in the two cases I will 
tabulate the details of an act of digestion as observed in each animal. 


A. ACTINOSPHAERIUM. 


Mounted under slight pressure in water. 
Litmus sent in, 


10 A.M. Experiment began ; (watching went on between the times 
recorded). 


Litmus was ingested and passed, with imperceptible motion sec 
the protoplasmic inter-vacuolar bars. 


1 Metschnikoff. Zool. Anzeiger, 1878. 

2 Wallich. Annals and Mag. Nat. Hist. 1863, p. 436, 
* Ray Lankester. Op. cit. 
* Brandt. Fauna u. Flora d. G. v. Neapel, 1885, 
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A larval crustacean was ingested. It showed distinctly shape,. 
contour of thorax and abdomen, extended appendages, and in its 
substance scanty yellow oil drops. 

The protoplasm of the Actinosphaerium surrounding the prey was 
abundantly vacuolate. 

The vacuoles had diminished, i.e. there was gathering of proto- 
plasm. Appendages of prey were less spread, probably owing to 
this gathering. 


. Compression of prey, which had besa finely granular especially 


towards its extremities, had advanced. One oil globule at first 
noticed was lost from it.  “ of 
had gathered. 

Contained fat was freed. granules 
Litmus was carried into digesting region but did not redden: 
round it however were no “ proper” granules, | 

Distinctive shape of prey lost by rounding and squeezing. Appen- 


_ dages visible however and markedly granular distally. 


Litmus was ejected unchanged. 

Fat globule freed from prey was ejected unchanged. 

Proper granules increased. Vacuole noticed. . ‘Oscillation of 
granules round its edge. 

Vacuole more marked. Apparently there was some passage of. 
small black granules away from digestive centre. 

Prey was now an amorphous mass; red jaws and claws still dis- 
tinguishable. It was displaced by crushing of Actinosphaerium. 
Recovery did not take place: prey and part of Actinosphaerium 
substance were separated off, not as excretion but as result of 
lesion. 

Some portion of vuitton of prey (exoskeleton?) was insoluble i in 


B. Proteus. (Leidy.) 


Large specimen with characteristically fluid protoplasm, active movement, 
discoid nucleus and crystals. Contractile vacuole single, or three fusing to 
one, lay at hind end of the organism. — 

No obvious formed niatter present. 


Dec. 8. 


11 A.M. 12.40 12.50 


Fed with Torulae and Ingestion had taken Tendency of Torulae 


starch. place. Vacuoleofin- (which were ingest- 
gestion small. Place, ed in groups) to dis- 
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by anterior — 
podium. 


Dec. 9. 12 | 5.30 
Starch had been largely ingested. No vacuoles to be seen in 
Appearance unchanged. Torulae Torulae. 
in some cases grouped. Some- 
times unchanged, sometimes swol- 
len and without their internal 
vacuoles. 
Dee, 10 No change in kind of matter ingested. No change in it after in- 
gestion: starch grains and Torulae in the substance of the Amoeba 
move without vacuoles. 
Dee. 12. Monads are fairly plentiful in water in which Amoeba lies. 
12 12.10 
A. ‘Two Monadsenclosed. Sudden quiescence. Flagellum has 
Pseudopodia fuse dis- Vacuoleofdigestion broken down. 
tally. rapidly diminishes. | 
12.10 12.20 12.30 
B. Monad (single) in- Quiescent. Granu- Vacuole of di- 
| aa larity comes on. gestion not lost. 
Dec. 14. Amoeba active; held many starch grains; normal Monads in sur- 
rounding water numerous, 
12.20 12.30 
A. Monad ingested. Quiescent. 
B. ThreeMonadsinone Quiescent, change of Visible as granular 
vacuole of ingestion. outline, masses in vacuole, 
1.50 1.59 
One Monad. Quiescent, then 
change to mass of 
granules. 
2 2.5 2.20 
D. One Monad. Quiescent, Small globules repre- 
Flagellum visible ; sent flagellum. 
less quickly changed 
than is body. 
2.15 2.24 
E. QneMonad ingested Quiescent. 
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3 

More starch grains Group of Torulae ex- 
and small group To- pelled from a a 
rulae expelled. 


2.40 


FB From hind end four 


starch grains are se- 
parately expelled. 
No marked accom- 
panying fluid. Pro- 
pelled to very short 
distance. 


10,45 


A. Three Monads to- 


gether (hind end). 


11.25 
Granular mass swol- 
len. Vacuole_ re- 
duced. 


11,25 
Three Monads in a 
group. Distal fusing 
of pseudopodia seen. 


1.45 
Large Monad, more 
than ordinarily gran- 
ular. 


2.55 


10.50 


Quiescent, 
Granular. 


Besides these, three ingestions were noticed, At 3 P.M. the results of 
earlier ingestions could not be recognised. 


Dec. 15. Amoeba moving actively : still held some starch. 


Mass of granules in 
vacuole. Flagellum 


Vacuole comp. large. broken down to dots, 


11.35 


_ Vacuole hardly perceptible. 


11.30 


Quiescence and granularity. 


1.55 
Quiescence. 


Breaking up. 


Besides these 12 ingestions were seen. 
The granular masses in their vacuoles generally remained as long as they 
could be distinguished, at the hind end of the Amoeba: rarely they lay at the 
base of an anterior pseudopodium, 


2.50 
Prey swollen. Vacuole al- 
Vacuole_re- most gone, 
duced. Lies 
near ant, pseu- 


dopodia. 


Dec. 16. Amoeba moving, contained very noticeable crystals. 


From 11.30 a.m. to 4 P.M. continuous watching. 
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11.30 1245 2.40 | 
A. Monad and Protococ- In marked vacuole Protococcus green. 
cus ingested together. Monadswollen. Pro- Cell wall distinct. 
Quiescence long inon- tococcus unchanged. §Monad reduced ; 
set. shapeless, fits over 
| Protococeus like a 
cap. Flagellum ap- 


pears as dots. 
4 6 
Continuous watching Vacuole not well marked. 
stopped. Both have 


diminished ; the Mo- 
nad markedly. Pro- 
tococcus green, but 
turbid. . 
Besides these, 8 ingestions were seen on this day. 


Dec. 17. Part of Amoeba lost by pressure. | 3 
After injury contracted vacuole acted first in 15’. 
Fat administered and ingested. No change seen. 


Dec. 18. Small fat globules stained with osmic acid. Amoeba killed. 


I may perhaps briefly state the conclusions to which the study of 
these animals, differences in detail notwithstanding, leads. 

- (1) They show constant and promiscuous enclosure of solid matter, 
such matter being received in the vacuole of ingestion. The nature of 
this vacuole of ingestion is still a doubtful matter. Its formation from 
the surrounding medium may speak for its aqueous character, but the 
rapid death of the enclosed prey in Amoeba at any rate argues some 
influence or secretion from the enclosing animal. 

(2) Starch grains are not digested by Rhizopods. 
(3) Fat globules are not digested by Amoeba; a slow digestion of 
them probably takes place in Actinosphaerium. 

(4) The fate of ingested matter is determinate ; if it is innutritious 
the vacuole of ingestion disappears; if nutritious it undergoes change 
not effected by direct contact with the acting protoplasm, but by some- 
thing passed out of the protoplasm into what has become the vacuole of 
digestion, something that may therefore be called a secretion’. Whereas 


Op. Wallich. Annals Nat. Hist. 1868, p. 436, - 
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in higher animals a secretion is poured by acting cells into the cavity 
which they line, it passes here into a cavity formed within the cell 
itself: in both cases it lies outside the forming protoplasm. 
_ (5) This secretion is probably not acid. It apparently carinot act 
on cellulose walls but, diffusing through the coats of cellulose clothed 
_ organisms, acts on the contained protoplasm’. It would seem therefore 
that there is a certain amount of evidence that Rhizopods normally 
derive fat and carbohydrate from the splitting up of solid proteid. 
There is also probably power to utilize matter already in solution ; (as 
peptones may be absorbed from the alimentary canal of mammals and 
afterwards assimilated); so De Bary in describing the trophotropism 
of Mycetozoa notices initial repulsion induced by substitution of solu- 
tion of grape sugar for the ordinary solid nutriment, and points out 
that this was succeeded by movement towards the sugar and Eure 
absorption of it. 

(6) The formation of the secretion is not provoked by bodies such 
as starch grains, which appear useless for purposes of nourishment. 
(7) Atacertain stage of digestion there may be temporary loss of 
fluid round the food ; later however the vacuole of ejection succeeds the 
digestive vacuole. And by outward opening of this all remains of former 
food are thrust from the body. 

It will be noticed that I have not mentioned the contractile vacuole, 
nor considered the function of the crystals so constantly present at least 
in Amoeba Proteus. The crystals (as regards size and number) I have 
never been able to associate with the nutritive state of the animal; the 
contractile vacuole (always opening outwards and having probably 
excretory function) does not show any constant accession or suspension 
of activity in digestion or in rest. 


1 I ought to notice that Ray Lankester (Quart. Journ. Mic. Sci. Vol. xxt) figures a — 
Protococcus with what he describes as disintegrated walls, lying in the intracellularly 
digestive endoderm of Limnocodium. 
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ON CURARE. By 8. POLLITZER, A.M, M.D, of New York. 


(From the Physiological Institute, Heidelberg.) 


MorE than twenty-five years ago Kiihne’ found that the irrita- 
bility of the Sartorius muscle of a frog, poisoned with even the largest 
doses of curare, was never wholly uniform throughout the length of the 
muscle, the median portions supplied with nerves having a greate? 
irritability than the nerveless extremities. He concluded therefore that 
curare leaves unaffected certain terminal nerve elements in the muscle. 
Sachs’ many years later, unable to verify Kiihne’s results, thought that 
they must have been due to insufficient curarizing, in that either the 
drug used was inactive or that insufficient time was allowed for its 
complete action. Since then nothing, I believe, has been done on this 
subject. | 
The Sartorius muscle of the frog is especially Gevthiable for these 
studies. As Kiihne* pointed out long ago, that muscle is free from 
nerves for a short distance, about one-sixth of its length, at each end. 
Besides this fortunate circumstance, the fibres of the muscle are parallel 
and, excepting a small portion at the knee end, the muscle presents an 
almost uniform area in cross section. If such a muscle be stimulated 
directly by an electric current at any point except its extremities, the 
stimulus will affect not only the muscle fibres, but also their interspersed 
nerves. If however the stimulus be applied to the nerveless extremities, 
only muscle fibres of course are affected. If we pass a current trans- 
versely through the muscle at different points, and measure the intensity 
of the feeblest current required to give rise to a contraction of the 
muscle, we obtain a set of values which will illustrate the irritability at 
these different points. Since the irritability of nerve-tissue is greater 
than that of muscle, the strongest currents will be required at the nerve- 
less end of the muscles, the feeblest where the nerves are most abun- 
dant. 


1 Miiller’s Arch., 1860, p. 489. 2 Ibid., 1874, p. 68, 
® Ibid., 1859, p. 564. 
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In repeating these experiments in the somewhat rude way in which 
they were made before, ic. by employing two electrodes of wire, one of 
which passed below, the other on the top of the excised muscle, I was 
struck with the irregularities in the curve obtained, which I thought 
were due to differences in the pressure of the upper electrode on the 
muscle in the determinations at different points. To obviate this diffi- 
culty the apparatus pictured in Fig. 1, Pl. [X. was constructed. The 
metal frame f is freely movable in a vertical plane, being attached 
by pivots to the upright rods r, r. The cross piece c is not rigidly 
attached to the frame but may revolve on its points of attachment, 
and so serve as an axis of rotation for the rod R, which carries 
one electrode, EZ. This electrode is a small plate of amalgamated 
zinc, the lower edge of which rests on the muscle when the apparatus 
is in use. The rod, rd, which passes out in the plane of the zinc 
plate plays in between the two guiding rods, g, g, so that constancy 
in the position of the electrode is assured. The weight, W, serves 
as a counterbalance to regulate the pressure of the electrode on the 
muscle, and to reduce it to a minimum. The other electrode, LZ’, is 
also a plate of zinc, bent at a right angle and fixed in the wooden 
stand of the apparatus in the way shown in Fig. 2. Z is the plate of 
zinc; g,g are plates of glass of such thickness that the edge, £), of the 
zinc plate just projects above their surface. When an experiment is to 
be made the excised muscle is placed, internal surface downwards, on 
the glass plates and lower electrode, the glass plates having been’ 
previously moistened with normal saline solution. The point of bearing 
of the upper electrode is so adjusted by means of the guiding rods that 
_ when it rests on the muscle it is not in the plane of the lower electrode, 

_ so that the current shall pass obliquely through the muscle. In all these 
experiments the horizontal distance between the two electrodes was 
uniformly 2 mm. | 

To stimulate the muscle an induced current from one small Daniell 
cell and the induction apparatus of du Bois Reymond were employed. 
The particular induction-machine used in these experiments was one 
which was exhibited at the late Electrical Exhibition in Paris, I 
mention this fact because for these delicate determinations only an 
instrument the absolute accuracy of whose graduations is unquestioned 
could be used. With the muscle in place, single shocks (not a tetanising 
current) are transmitted through it obliquely as described, and the 
secondary coil adjusted by repeated trial till the minimum current 
required to evoke a contraction of the muscle is found; the intensity of 
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the current is then read off on the scale. The upper electrode is then 
raised by a'touch of the- finger on the weighted end of the lever frame, 


and the muscle is moved along so that the electrode shall bear on it at 


another point. A millimeter scale on the glass plates, on which the 
muscle rests, serves to measure the distance which the muscle has been 
moved, and thus to determine the points at which it has been etime- 
lated. 

In this way a series of detetseinidions of the irritability of the 
muscle at successive known points may be made. But the figures read 
off on the scale of the induction apparatus show the intensity of the 
current required; the irritability of the muscle will be expressed by 
the reciprocals of these numbers. To illustrate: at a point a on the 
muscle, a current of 2 ampéres was required to cause a contraction; at 
b, a current of 3 ampéres; at c, 5. The relative irritability of the 
muscle at these points will be as }, 4, and 4, or as 45, 19, and 6; ie, as 
15, 10, and 6. With these figures we can then construct a curve which 
shall illustrate the irritability of the muscle, using them as the 
ordinates, the points stimulated as the abscissa. 

The results obtained with the apparatus described were found 
afterwards to be on the whole concordant with those obtained with 
the electrodes applied in another way in another apparatus presently — 
to be described. The apparatus just described fulfils two indications 
satisfactorily ; (1) the pressure of the electrodes on the muscle is always 
constant and minimal, and (2) the current is transmitted through the 


muscle always at precisely the same angle. But the method is open to 


the objection that during the experiment the muscle lies necessarily 
exposed, and in the few minutes required for finishing a series of 


determinations changes in its irritability might occur. Furthermore 


the method has this fault; that when one series of determinations has 
been completed, and it is desired to repeat them on the same muscle, 
the experimenter cannot be sure that the muscle has been so placed 
that the electrodes bear on it at precisely the same points as in the 
first series; the second series of determinations may therefore give a 
curve very different from that of the first. These difficulties are met 
in the following apparatus : 

- Tnstead of one pair of electrodes, a number equivalent to the 
number of points at which the irritability of the muscle is to be 
tested are employed. The electrodes consist of two series of platinum 
wires, between which the muscle lies. The wires underneath (all 
kathodes, or all anodes) are fixed in a parallel series on a tablet of wax; 
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_ the wires above in a similar series in a frame of hard rubber (F, Fig. 3) 
which rests on the wax tablet, and is hinged at h so that it may be 
raised at the opposite side, and the muscle placed on the wax tablet 
with its series of electrodes. The wires are 2 mm. apart, and the 
horizontal distance between each anode and its corresponding kathode 
is also 2 mm. The muscle is fixed in position by means of pins which 
pass through its tendinous attachments at either end; (and since 
metallic pins are objectionable on account of electrical currents which 
they would generate with the muscle and its fluids, small quills of the 
hedgehog were used). The rubber frame with its wires is then 
brought down on the muscle; and a small glass plate resting on the 
wires covers the muscle, which is thus enclosed in a narrow space 
between the glass plate and the wax tablet, which serves as a moist 
chamber. With this arrangement, I have frequently found the irri- 
tability of the muscle unchanged after twenty minutes. In making 
the determinations, the current is to be passed successively from each 
anode, through thé muscle, to the corresponding kathode obliquely 
below it. The current may be passed through any desired pair of 
electrodes with the aid of the following simple arrangement. The 
_ wires from the anodes pass to little cavities in the wooden stand of the 
apparatus, which are filled with mercury. These little cavities ( p, Fig. 3) 
are arranged in the are of a circle corresponding and opposite to a 
similar arrangement (p’) for the wires from the kathodes, and the wires 
from each pair of electrodes pass to those mercury pools which are at 
opposite ends of the same diameter. The current from the induction 
coil passes to two rods of wire which are attached by means of hinges 
to the upper base of a small cylinder of wood or hard rubber (c, Fig. 3), 
and from them radiate outward to the mercury pools, into which their 
ends are dropped when the circuit is to be closed. The cylinder to 
which the rods are attached may revolve on a pivot in its axis. When 
it is desired to send the current through another pair of electrodes, the 
wire rods are lifted out of their pools of mercury, the cylinder is 
revolved to the necessary extent, and the wires again dropped down 
into the mercury pools connected with the required electrodes. 

With this apparatus and the one first described, the irritability 
of the normal muscle, and the changes brought about by poisoning with 
curare were studied. The frogs whose muscles were used were the 
ordinary R. esculenta, and a large variety of the same imported from 
Hungary. The Sartorius in large specimens of the latter may reach 
the length of 50 mm., and forms a superb subject for physiological 
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| experiment. In making the observations, the irritability of the muscle 


was determined at successive points 2 mm. apart, beginning at the knee 
end of the muscle and proceeding upwards; and a second series was 
made on the same muscle, beginning at the hip end and proceeding 
downwards. In the mean of these two series, errors due to possible 
changes in the muscle owing to the lapse of time during the experiment 
would be eliminated. With the apparatus last described the second 
series of determinations was almost always in exact agreement with the 
first. 

It would be useless to repeat here the details of the experiments 
made on several hundred muscles. The reader would derive no 
advantage from the publication of a chaos of figures. The results will 
suffice : no two muscles were found to give exactly the same curve, and 
the figures and curve given below as a type show the irritability of that 
particular muscle alone. Not only were muscles from different frogs 
found to give results which varied considerably, but the two Sartorii 
from the same animal never gave strictly concordant curves. In all 
however there is a broad general agreement, the following description 
answering for nearly every Sartorius. Dividing the muscle into fourths, 
and commencing at the knee end, we find at the beginning of the first 
fourth a low degree of irritability which rapidly increases toward the 
end of that quarter, and again sinks at the beginning of the second 
fourth, Throughout the second (which includes the hilus—the point 
of entrance of the nerve and blood-vessels), and part of the third 
quarter it is very irregular, and on the whole lower than at the highest 
point in the first quarter. Toward the end of the third quarter it 
rapidly rises to its maximum; and in the last fourth it again sinks, 
reaching its lowest point in the latter half of that division. These 
variations in the irritability of the muscles are illustrated in Fig. 4’. 

What is their significance? The theory nearest at hand, that the 
differences in irritability probably depend on irregularities in the 
distribution of the nerves in the muscle, seems strikingly confirmed by 
the results obtained by Mays? in his researches on the distribution of 
the nerves in muscles. He finds that though the arrangement of the 


1 The curve shown in Fig. 4 is that of a large muscle from a Hungarian Frog. The 
figures read off on the scale of the induction apparatus at the different points on the 
muscle were : 
aap te Knee—12, 10, 8, 4, 3, 8, 6, 6, 8, 6, 4, 3, 2, 2, 4, 4, 10, 12, 12—Hip end. 

The reciprocals are to each other as: 

10, 12, 15, 80, 40, 15, 20, 20, 15, 2, 90, 40, 60, 60, 80, 80, 12, 10, 10. 
- 9 Zeitschr. f. Biol., xx. 
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nerve-fibres in a given muscle, as e.g. the Sartorius, is in a broad way 
‘constant, nevertheless there are considerable differences between any 
two corresponding muscles, even those from the same animal. This fact 
explains the absence of a strict concordance in the irritability curves of 
different muscles. And the relation between the irregularities in the 
curve and the nerve distribution is made so clearly apparent in Fig. 5, 
in which the curve of Fig. 4 is written over a facsimile of Mays’ 
illustration of the distribution of the nerves in the Sartorius of the 
frog, that nothing farther need be said on the subject. 
But, it may be said, when the muscle is stimulated at a point near 
the hilus (say 7 in fig. 5), the current affects all the nerve-stems that 
pass toward the hip end of the muscle, and therefore at least as many 
nerve-fibres as when the stimulus is applied at o in the figure; the 
irritability of the muscle at o ought therefore to be not lower than at ¢. 
True; but the effect of stimulating the nerve-stem at ¢ is exercised not 
at 7, but mainly at o, that is, at the place where the greatest number of 
the terminations of the stimulated nerve-stem are aggregated. So 
that at 7 the stimulus must be strong enough to cause an immediate 
contraction of the muscle fibres at that point, or else to cause a mediate 
contraction of the muscle through stimulation of the nerve-stems ;— 
whereas at o the stimulus affects muscle fibres as at 1, and besides just 
at that point the effect of the stimulation of the nerves is exercised, and 
the two causes work together. In other words, we have here a sort of 
“summation” effect. This is further interesting as showing the large 
differences in the intrinsic irritability of muscle and nerve-fibre. 

~The curve of the irritability of a normal muscle being known, we 
may proceed to examine the muscle in a frog poisoned with curare. 
Let me say here that the curare employed was a perfectly reliable 
article; that two different specimens of the drug obtained from 
different sources’ were used, and that their action, excepting slight 
differences in intensity, was identical. The doses employed varied 
from six drops of a 0:1 °/, solution, paralysing in about 45 minutes, to 
ten drops of a 2 °/, solution, completely paralysing in about 12 minutes ; 
and that the muscles were examined after the drug had acted for from 
20 min. to 24 hrs. in the different cases. T... results were in all cases 
concordant. Contrary to what perhaps might have been expected, the 
irritability of the muscle does not become uniform throughout in the 
curarized animal, Large differences persist even with the maximum 


1 Schilling in Hamburg; and Dr Schuchardt in Gorlitz, from calabashes. 
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degree of poisoning. A typical curve from a frog strongly curarized 
for 6 hrs. is shown in figure 6 compared with a curve from a normal — 
muscle. The two curves are in striking concordance, the differences 
being not greater than those which occur between any two normal 
muscles’, 

Similar experiments were made on the pectoral cutaneous ene 
of the frog. This muscle, like the Sartorius, is made up of parallel fibres 
and is of uniform thickness. It has most of its nerve terminations grouped 
in its middle third. It would be a most favourable object for these 
experiments, but for its small size, delicate structure and difficulty of 
preparation. A sufficient number of experiments however were made 
with it in the same way as with the Sartorius, to serve to corroborate 
the results obtained with the latter muscle. In Fig. 7 two curves of the 
irritability of this muscle are shown, the upper from a normal muscle, 
the lower from a curarized muscle’. The nerve distribution in _ 
muscle is after Mays’. 

Since then the differences in the irritability of the normal muscle in 
its different parts are due to irregularity in the distribution of its motor 
nerves, and these same differences persist after curarization, the con- 
clusion seems inevitable that curare leaves unaffected certain 
terminal nerve elementsinthe muscle. But that curare does not 
act on the nerve-stems is certain. What then does it act on? We 
must conclude that it affects some part of the nerve-fibres between the 


1 In Figure 6 the curve of the normal muscle is that of Figure 5. That of the curarized 
muscle is from the Sartorius of a Hungarian frog. The readings on the induction scale 
were: 

Knee—10, 12, 10, 5, 6, 10, 12, 8, 10, 10, 6, 7, 3, 4, 7, 8, 10, 14, 14—Hip end 

The reciprocals, neglecting the fractions, are as: 

8, 7, 8, 17, 14, 8, 7, 11, 8, 8, 14, 12, 28, 21, 12, 11, 8,6, 6. 

No value whatever is to be attached to the lengths of the ordinates in the one curve as 
compared with those in the other. For though the battery used may be regarded as 
constant during a single series of observations, no attempt was made to keep it so 
throughout the whole period during which these studies were made; and of course the 
stronger the current the greater the apparent irritability of the muscle. 

? The muscles were in both cases from Hungarian frogs. The figures read off on the 
scale of the induction machine were, é 
3 for the normal muscle: 30, 27, 17, 2, 5, 15, 50, 54, 54. | 

reciprocals: 135, 150, 250, 2025, 810, 270, 81, 75, 75. 
and for the curarized muscle: 14, 12, 3, 1, 2, 10, 20, 30, 30. 
reciprocals: 60, 70, 280, 840, 420, 84, 27, 28, 28, 
_ Mays’ picture, which is natural size, is that of a muscle somewhat larger than those 
from which my curves were obtained. 
3 loc. cit. 
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nerve-stems and their ultimate ends in the muscle fibrillae. Farther - 
than the conclusion which rests on experimental data we cannot go 
without entering the region of pure speculation. If it may be permitted 
the writer to enter that seductive field, he would suggest the theory that 
curare acts on the nerves at the points at which their essential elements 
—the axis-cylinders—are most exposed, that is at the nodes of 
Ranvier; and in the first place on that particular node which is most 
exposed to the poison-bearing blood and lymph currents, i.e, the last. — 
Furthermore, it is not the axis-cylinders themselves, but the cement 
substance at the nodes between the nerve segments on which the drug 
exercises its specific action. It will be remembered that the nerve 
entering the muscle continues to divide dichotomously until the single 
fibres are about. to enter the muscle fibre. Just before entering the 
muscle fibre, the nerve makes its last division and, losing its myeline 
sheath, the naked axis-cylinder proceeds to the end-plates from which its 
ultimate branches are distributed within the muscle fibre. That curare 
should in the first place affect the intra-muscular nerve fibrils is readily 
understood when we remember that the nerves lie here in very vas- 
cular tissue and to a great extent wholly isolated, But that the axis- 
cylinders themselves are not affected seems manifest from the fact 
demonstrated in this paper that the parts which are most exposed, i.e, — 
the ultimate ramifications of the nerve—the parts peripheral to the last 
node of Ranvier—preserve their function. There seems then nothing 


left from an anatomical and chemical standpoint but to assume that it — _ 


is on the cement substance at the nodes of Ranvier that the drug acts, 
and this it modifies in such a way that the nervous impulse can no 
longer pass through. | 

A wholly different interpretation might be put on the results obtained 
in this paper. It might be assumed that curare eliminates the action of 
the nerves on the muscle entirely, and that the curve of the: irritability 
in the curarized muscle resembles that in the normal because the 
muscle fibres themselves possess specific differences in their irritability 
in different parts, those fibres which are best supplied with nerves 
having the greatest specific irritability. But this view is opposed in the 
first place by all that we know of the histology and physiology of the 
muscle fibre, and secondly by the results obtained when the influence of 
the nerves is wholly and definitely eliminated by the application of an- 
electrotonus. In a Sartorius whose nerve is thrown into anelectrotonus, 
the irritability curve is parallel to the abscissa’. If there were specific 


1 Kiihne, Miiller’s Arch, 
PH. VII, 20 
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differences in the irritability of muscle fibres, and curare wholly elimi- 
nated the action of the nerves, the curve in the anelectrotonized would 
resemble that in the curarized muscle. eres 

In conclusion it gives me pleasure to express my sincere thanks to 
Professor Kiihne of Heidelberg, in whose laboratory: this she was 
done, for his uniform kindness during its execution. 
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ON THE PHYSIOLOGICAL ACTION OF PEPTONES 
AND ALBUMOSES'. By S. POLLITZER, AM, MD. 
New York. : 


From the Physiological Institute, Heidelberg. — 
_ WHILE engaged in studying the destiny of the proteid products of 


digestion, Schmidt-Miilheim® discovered that injections of peptone 


into the veins of a living animal are followed by a series of remarkable 
phenomena. The animal sinks at once into a deep narcosis, the blood- 
pressure falls to such an extent that the animal may die as from asphyxia, 
and the coagulation of the blood drawn from the vessels is delayed for a 
period which may extend to several days. | 

Our increased knowledge of the products of digestion which has 
followed the investigations of Kiihne and Chittenden’, has shown us 


that heretofore most of the so-called peptone has consisted of mixtures 


of peptones and the hemialbumoses, the latter being usually in large 
excess. The peptone of Schmidt-Miilheim and of Fano, from 
which only a part of the albumoses had been precipitated by ferric 
acetate, was of this nature. And Fano* found that injections of anti- 
peptone—(called by him Tryptone), which, in contradistinction to his 
“peptone”, probably contained a large proportion of peptone,—were not 
followed by effects similar to those which resulted from injections of his 
pepsin-“peptone”. It seemed desirable therefore to repeat these ex- 
periments with each of the hemialbumoses, and with pure peptones. 
The albumoses were prepared strictly after Kiihne and Chittenden. 
500 grms. of Witte’s “peptone” were rubbed up in a mortar with 1500 
grms. NaCl and dissolved in 5¢.c. water. A few large crystals of rock 
salt were added and after 24 hours the precipitate was collected, dissolved — 
in water, again precipitated, dissolved, and the solution dialysed with 


1 A preliminary notice of the results in this paper was in part published in the 
Verhandlungen d. Naturhist. Med. Vereins zu Heidelberg. N.F. 11. Bd. 4 Hft. © 

2 Arch. f. Anat. und Phys. 1879. 3 Zeitschr. f. Biol. x1x and xx. 

4 Arch. f. Anat, und Phys, 1881. 
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addition of a little thymol till it no longer gave a reaction for NaCl. 
From the clear fluid taken from the dialysor the protalbumose was 
precipitated by alcohol, collected on a filter, extracted with alcohol and 
ether, and obtained as a fine white powder. The heteroalbumose being 
insoluble in pure water was precipitated during the process of dialysis, 
and was easily removed from the parchment walls of the dialysor. The 
deuteroalbumose was precipitated by the addition of acetic acid from 
the first filtrate from which the prot- and heteroalbumose were obtained, 
dissolved in H,O, again precipitated with NaCl and C,H,O,, dissolved, 
and the solution dialysed till every trace of NaCl and C,H,O, had 
disappeared. It was then precipitated by alcohol and extracted with 
alcohol and ether. ~ 

The peptone was prepared after Wenz’. A large quantity of 
carefully cleaned fibrin was digested for 8 days in artificial gastric juice 
made from the stomachs of six pigs. The fluid having been freed from 
neutralization-precipitate was saturated with ammonium sulphate. 
After 24 hrs. the precipitated albumins (mainly albumoses) were re- 
moved, the (NH,),SO, decomposed at the boiling temperature by barytic 
hydrate and, towards the end of the process, barytic carbonate. The 
baryta-peptone was then decomposed by cautious addition of dilute 
sulphuric acid, and the peptone precipitated from the thick syrup to 
which the solution had been evaporated, by absolute alcohol. 

The antipeptone used was some which had been placed at my dis- 
posal by Prof. Kiihne (to whom I desire to express my deep obligations 
for much kind help)—and was free from all other proteids and from the 
amidated-acids, 

With the albumoses and peptones prepared in this way, the ex- 
periments of Schmidt-Miilheim and of Fano were to be repeated. In 
determining the quantity of proteid to be injected, the statement of 
Fano, that 0°3 grammes per kilogramme of weight of animal sufficed to 
bring about complete narcosis and to prevent the coagulation of the blood, 
served as a guide. If that quantity of his mixed peptones and albumoses 
had the required effect, then a similar proportion of any one of these 
bodies would suffice to bring about the observed phenomena, if they 
were ascribable to that particular proteid. 

For the injections, 5°/, solutions of the proteid in }°/, solutions 
of sodium carbonate were employed. The NaCO, was used because 
it was necessary for the solution of the heteroalbumose, and as com- 


1 Zeitschr. f. Biol. 
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parative observations were to be made, the same solutions had of course 
to be used in every case. The solutions were injected into the external 
jugular, or the crural vein, and at a temperature of about 40°C. 
Samples of blood taken to test its coagulability were drawn from either 
the crural, the carotid or the axillary artery. The cannula connected 
with the mercury manometer for determining changes in the blood- 
pressure, was inserted into either the carotid or the crural artery. The 
animals employed in the experiments were for the greater number dogs. 
In every case (except before a few injections of peptone) the animal had 
received no food for 24 hours. The observation of Fano, that the 
rabbit is not susceptible to the action of these bodies, was corroborated. 
_ A‘few experiments were made with cats, with the same general result — 
as in the case of dogs, except that the cat seems to require a relatively 
larger dose to bring about the same degree of effect. 

It would serve no purpose to give the details of all the experiments 
made ; a few cases will suffice: 


Exprerm™ent IJ. Dog, 8 kilos, Injected 100 c.c. of a filtered solution of 
Witte’s peptone into jugular vein. The injection was promptly followed by 
marked signs of distress; defaecation; micturition; after 2 minutes, deep 
narcosis; complete anaesthesia; reflexes preserved. Pulse first slow and 
full, then rapid and feeble. After 20 minutes the animal still unconscious 
was killed by puncture through the medulla, On post-mortem examination, 
_ the intestines were found highly congested, the villi appearing beautifully 
injected under the microscope. The peritoneal cavity was filled with a bloody 
serum which showed traces of albumoses. A sample of blood drawn from the 
carotid before the injection coagulated normally ; samples drawn at 5, 10 and 
15 minutes after the injection, remained wholly free from coagula for over — 
three days. 


Experiment V. Dog, 24 kilos. Blood pressure in carotid, 110 mm. 
Hg. Injected 0:75 grm. amphopeptone in 15 ¢.c. NaCO, solution 0°5°/. The 
blood pressure sinks rapidly to 28 mm., and 3 minutes after the injection it is 
22. From this point it soon begins slowly to rise : 


after 7 min. the pressure is 30, 
” 12 ” 40, 
” 17 ” ” 66, 
” 22 ”? 94, 


at which it remains constant for 15 min. The injection was followed by 
symptoms of narcosis &c. as in Exp. II., only apparently less intense. The 
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recovery from the narcosis was coincident with the restoration to the normal. 
blood pressure. Three samples of blood, drawn at 3, 7 and 12 minutes after 
the injection, were firmly coagulated within 10 minutes. 


Experiment XV. Dog, 28 kilos. Blood pressure in crural art., 120 mm. 
Injected 0°8 grm. heteroalbwmose in 16 c.c. of a 0:5°/, NaCO, — into 
jugular vein. The pressure fell at once to 20 mm., and 


2 min. after the injection, it is 16 mm. 


9 ” ” ” ” ” a 
” ” ” we 
15 5, ” ” ” 


20 ” ” ” ” 103 ” 


Narcotic and other symptoms as in other experiments, but very strongly 
marked, Samples of blood drawn at 2, 6 and 10 minutes after the injection 
remained free from clots for 24 hours. A cruor which had by this time 
settled at the bottom of the vessels in which the blood was contained was 
found on examination under the microscope to consist of blood-corpuscles and 
numerous minute clots of fibrin. | 


The results of all the experiments may be summed up under the 
following heads: 

A. Narcotic action. All the substances employed in these experi- 
ments (excepting antipeptone), exercised without fail a strong narcotic 
action on the dogs and cats into whose veins they had been injected. 
With regard to the intensity of this action it would be difficult to 
express an opinion as there seem to be considerable individual differ- 
ences in the different animals. Fano reports that in 6°/, of his cases, 
injection of his peptone failed to produce its usual effects. In one of 
my cases, injection of the usual dose of deuteroalbumose caused the 
death of the animal (the autopsy revealing nothing of value) while in 
the others the narcosis was slight. Without being too positive, it seems 
that heteroalbumose possesses the strongest action, protalbumose mane, 
amphopeptone least. 

Immediately following -the injection there occurs a stage of excite- 
ment, with more or less marked manifestations of pain and distress, 
due no doubt to strong intestinal peristaltic action. There is usually 
passage of faeces and of urine. This stage lasts from one to two 
minutes, and is followed by the narcosis. With regard to the nature 
of the narcosis, it may suffice to say that it resembles that produced by 
chloroform, The animal seems to be in a deep sleep, from which it 
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cannot be aroused. There is no motor paralysis, and the reflexes are 
perfectly preserved. The muscles nevertheless seem often affected in 
an unusual way; the extremities offer that peculiar “waxy” resistance 
which they sometimes possess in catalepsy ; ai will remain in any 
position in which they are placed. _ 

Only two injections of antipeptone were made. In the one a deep 
narcosis followed; the other had not the slightest visible effect. Fano 
reports a similar irregularity in the action of his antipeptone. Some- 
thing like this I found in the effect of amphopeptone on the coagulability 
of the blood. 

A word as to the cause of the poisonous action of these bodies and 
the view of Brieger' that it is due to the admixture of a ptomaine. 
Indeed Brieger claims to have obtained from Witte’s and other 

“peptones” a substance which he calls “peptotoxine” and with which he 
poisoned dogs and rabbits. That the physiological action of the proteids 
is not due to this “peptotoxine” is sufficiently clear from the fact that 
the latter exercises a poisonous action on rabbits, and, as already 
mentioned, the albumins in question are without the slightest effect on 
these animals, A simple experiment, however, decides the question 
definitely: 10 grammes of Witte’s peptone were treated after Brieger 
to extract the peptotoxine. Of the residue, free from peptotoxine, the 
usual dose was injected into the crural vein of a dog. The injection 
was followed by the same train of symptoms that follow an injection of 
a like quantity of the proteid which still contains its “peptotoxine.” 


As bearing on this question of causation, the following experiment _ 


may be worth recording. The peptone formed in the alimentary canal 
must pass through the liver before entering the general circulation. To 
follow out this natural course, an injection of Witte’s peptone was made 
into the portal through the splenic vein. The injection was followed by 
the narcotic and other effects already described. It must however be 
said that the time occupied in the injection was relatively so short, that 
it cannot be assumed to have imitated the absorption process, in which 
the peptone is introduced into the circulation (if indeed it be not 
converted into other albumins in the proces of absorption itself ) very . 
gradually. 

B, Effect on the coagulability of the blood. The eanathable 
property of delaying or entirely preventing the coagulation of the blood 
drawn from the arteries of an animal into whose circulation an injection 


1 Ueber Ptomaine. Berlin, 1885. 
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has been made, is shared by all the hemialbumoses, and is wanting to 
the antipeptone; the action of amphopeptone being inconstant. The 
_ period during which the blood remains unclotted after an injection of 
the stated quantity of the proteid varies from twenty minutes to several 
days. Heteroalbumose seems in this respect again to exercise most — 
constantly the strongest action, the blood never showing any clots 
within 24 hours after an injection. Both the other albumoses, however, 
have in single cases wholly_prevented the coagulation for an indefinite 
period. In the two cases in which injections of antipeptone were made, 
the blood coagulated normally ;—a result which agrees with the 
observations of Fano. Seven injections in all were made with 
amphopeptone, In three of them the blood clotted normally; in four, 
its coagulation was delayed for 10, 20, 30 minutes, and 12: hours 
respectively in the different cases. The peptone was the same 
preparation in all the experiments, and the dose constantly 0°3 grammes 
per kilogramme of animal; four of the injections with inconstant results 
were made into the veins of the same dog, at intervals of time which 
allowed for the healing of the last wounds, The action of amphopeptone 
then depends on some unknown and inconstant factor. That this factor 
is not the quantity of proteid matter present in the blood at the time 
of the injection is evident from the fact that the coagulation of the 
blood occurred normally or was delayed independently of the condition 
of the dog as to the time of his last meal. Nor can it be held that the 
admixture of the inactive antipeptone in the amphopeptone can be the 
cause of this inconstance, for in one case in which 0°9 grammes. per 
kilogramme of weight of animal was injected, the blood coagulated 
normally. Assuming the anti- and hemipeptone to be in equal 
proportion in amphopeptone, considerably more of hemipeptone than 
- the usual dose of proteid (03 grammes per kilogramme) was ware 
injected without effect. 

Schmidt-Miilheim found that when he caused blood from the 
artery of a dog to flow into a vessel containing an equal portion of blood 
from another dog, into whose veins an injection of his peptone had been 
‘made, the coagulation of the whole was prevented. I have made a 
series of somewhat similar experiments. Normal blood from an artery 
was caused to flow into vessels containing aqueous solutions of the 
different peptones and albumoses. The quantity of blood drawn in 
each case was 5 c.c, and it was instantly and thoroughly mixed with an 
equal volume of a 0°5°/, solution of NaCO, containing 0°2 grammes of 
the different proteids. This quantity 02 grammes was selected as 
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being ten times the weight of the proteid that would fall to 5 cc. of 


blood when 0°3 grammes per kilogramme are injected’. As a control, a 


similar mixture of blood was made with a 0°5 solution of NaCO, which 


contained no proteid. In this there was firm coagulation in from 3 
to 5 minutes; the blood mixed with the antipeptone solution clotted 
quite as promptly, as did also that mixed with the protalbumose. In 
the deuteroalbumose solution the blood remained fluid for 5 to 15 
minutes in the different experiments. In the amphopeptone solution 
it was unclotted for from 10 minutes to 3 hours; in the heteroalbumose, 
from 20 minutes to 24 hours. The clot in the different cases too is 
characteristic. That in the deuteroalbumose solution is not to be 


_ distinguished from that in the NaCO, solution; that in the prot- 


albumose like that in the amphopeptone is soft and ill-formed ; that in 
the antipeptone is unusually firm and contracted, while in the hetero- 
albumose, no true clot is formed ‘at all, there being simply at the bottom 
of the vessel after a time a cruor containing numerous minute coagula. 

C. Effect on the blood pressure. The effect on the tone of the 
blood-vessel walls noticed by Schmidt-Milheim is a common 
property of all the proteids used in these experiments, excepting 
perhaps antipeptone, the action of which is doubtful. Immediately 
after an injection of the stated dose, the blood pressure sinks to a degree 
which would be fatal to the life of the animal were it to continue at 
its lowest) point for a considerable period. In this respect the hetero- 
albumose again seems to exercise the most powerful effect, amphopeptone 
the least. That the fall in pressure is due to vaso-motor paralysis cannot 
of course be questioned, and that the action is manifested chiefly if not 
wholly on the splanchnic region is reasonably certain. After an injection 
of one of these proteids, the mesenteric vessels are always strongly 
congested, to such an extent, that there is sometimes a bloody serum in 
the peritoneal cavity. Indeed it seems not unlikely that the narcotic 
action which these bodies exercise is due simply to this accumulation of 
the blood in the great veins of the abdomen, thus producing anaemia 
of the brain. The narcosis lasts only as long as the blood pressure is 
under the normal. 

One property in which peptone is sharply differentiated from the 
albumoses may here be mentioned. A sufficiently large dose of any of 


1 There being 70 grammes of blood for each kilogramme of body weight in the dog, 
0 3 grammes of proteid per kilogramme are about 0-004 grammes for each c.c. blood. For 
5 c.c. then, 0°02 grammes of proteid, which multiplied by 10 gives the quantity used,—0-2 
grammes. 
PH, VII. 21 
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the albumoses (something more than 0°3 grammes per kilogramme) is 
inevitably fatal. Peptone however can never produce this result so 
long as the kidneys of the animal are intact. In its solubility and 
diffusibility, peptone resembles the crystalline rather than the colloid 
bodies, and like the former it is a diuretic. If the blood pressure of an 
animal be lowered, as by stimulation of the cardio-depressor nerve till 
the renal secretion is stopped, and an injection of a crystalline diffusable 
body—e.g. urea—be made into the blood, the kidneys will at once 
_ begin to act, though the blood pressure remain unchanged. 2} grammes 
of peptone (0°3 grammes per kilogramme) were injected into the jugular 
vein of a dog; the pressure fell at once from 120 to 56mm. As soon 
as the pressure began to rise, 5 grammes of peptone more (0°6 grammes 
per kilogramme) were injected, and were followed anew by a fall in 
pressure to 45 mm. Ten minutes later, the pressure still being under | 
the normal, the animal was killed. The bladder was found énormously 
distended with urine which, judging from the intensity of the biuret 
reaction, contained a large proportion of peptone. After an injection of 
a smaller quantity of peptone, or of any quantity of the albumoses, the 
renal secretion is in abeyance during the reduction in blood pressure. 
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FURTHER EXPERIMENTS REGARDING THE _IN- 
FLUENCE OF SMALL QUANTITIES OF LIME 
POTASSIUM AND OTHER SALTS ON MUSCULAR 

. TISSUE. By SYDNEY RINGER, MD., F.RS., Professor 
of Medicine at the University College, London. (Plate X.) 


Duriyg the last year I have employed for experiments on the 
heart phosphate of lime in place of chloride of calcium in the com- 
position of an artificial circulating fluid. Messrs Hopkins and Williams 
prepare the phosphate of lime by dissolving pure calcium chloride and 
adding a solution of rhombic phosphate of soda and well washing the 
precipitate. 

Dr Graham, Professor of Chemistry at University College, who has 
kindly examined this phosphate, finds that it consists mainly of tri- 
calcic phosphate with a trace of soluble phosphate and a very minute trace 
of free hydrochloric acid. The salt gives a decided acid reaction to test 
paper, the acidity being mainly due to the soluble phosphate. I add this 
phosphate of lime to °6°/, saline solution and allow it to stand till the 
saline becomes saturated and draw off the supernatant fluid with a 
syphon and refill the bottle with saline solution. I employ two forms of 
circulating fluid. One is composed of this phosphate of lime saline’ each 
100c.c. containing 1c.c. of 1°/, solution of potassium chloride. The other 
contains in addition to each 100c.c. 1 c.c. of 1°/, solution of sodium bicar- 
bonate. Either of these solutions will sustain good spontaneous contrac- 
tions for several hours; even at the end of four hours with a vigorous heart 
the contractions are very little smaller than at the beginning of the 
experiment. 

The solution containing sodium bicarbonate is, I think, rather more 
efficient. A smaller quantity of potassium chloride, i.e:*5c.c. of 1 °/, solution 
to 100c.c., also makes a good circulating fluid and in some respects is better 


1 In this communication, saline means °6%/) saline saturated with 
phosphate of lime. 


PH. VII. 22 


A 
2 
a8 
) 
i 
ea 
ig 
je 
5; 
> 
Aa 


292 S. RINGER. 
than the solution containing more potassium chloride, for the stronger 
solution (that containing 1 part of potassium chloride, to 10,000 parts) 
produces a very prolonged staircase of beats after only a short diastolic 
use. 
y This phosphate of lime circulating fluid I find very superior to a 
circulating fluid containing calcium chloride; moreover it is equally 
serviceable all the year round, whilst the fluid containing calcium 
chloride is much less efficient during some parts of the year than at 
others, succeeding much better in the autumnal and early winter 
months than in January and the subsequent months. | 
It is interesting to observe that though circulating fluid with 


phosphate of lime gives a slight acid reaction to delicate blue litmus 


paper it will sustain contractility for hours. 

The action of phosphate of lime in sustaining the heart’s contractions 
led me to test its influence in sustaining the contractilityaef skeletal 
muscles at rest by means of comparative experiments with saline and 
other solutions. In each series I used the muscles of the same frog and 
generally employed only the gastrocnemius muscles ; then of course there 
were only two experiments in each series; but sometimes I used also the 
tibialis anticus or some of the thigh muscles. I placed the muscle in 
500c.c. of the testing fluid and renewed this twice and tested con- 
tractility by faradic excitation, thrice daily. 

I first compared in December the effect of -6°/, saline solution with 


_*6°/, saline saturated with phosphate of lime; also with the effect of — 


phosphate of lime saline and each 100c.c. containing Ic.c. of 1°/, 
solution of KCl. In nine experiments with saline solution contractility 
persisted on an average 27 hours. 

In ten experiments with phosphate of lime saline contractility per- 
sisted on an average for 40 hours. 

In twelve experiments with phosphate of lime saline containing 
potassium chloride, the average persistence of contractility reached 54 
hours. 

During the next month, namely in January, I repeated these experi- 
ments, but placed the whole posterior limb, stripped of its skin, in the 
solution and tested the excitability of the gastrocnemius thrice daily. 

In five experiments with saline solution contractility persisted on an | 
average 58 hours. 

In five experiments with phosphate of ine saline contractility per- 
sisted on an average 87 hours. 

I next compared the effect of saline solution containing lie 
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bicarbonate adding 2 c.c. of 1 4, solution of sodium bicarbonate to each 
100 c.c. of saline solution. 

In six experiments with saline solution contractility persisted on an 
average 62 hours. 

In six experiments with saline solution containing sodium bicar- 
bonate contractility persisted on an average 84 hours. 

In all the foregoing experiments the muscles were kept in a room 
artificially heated. In the following experiment the muscles were kept 
out of doors during very cold weather. In saline solution contractility 
persisted 130 hours. In saline solution containing sodium bicarbonate 
contractility persisted 152 hours. | 

I next compared the influence of saline solution, each 100 c.c. con- 
taining 2 ¢.c. of 1°/, solution of sodium bicarbonate, with that of phosphate 
of lime saline. 

In three experiments with saline solution and sodium bicarbonate 
contractility persisted on an average 94 hours. 

In three experiments with phosphate of lime saline contractility per- 
sisted on an average 113 hours. 

In two experiments when the vessels were kept out of doors during 
very cold weather contractility persisted on an average in the saline and 
sodium bicarbonate solution 148 hours, in phosphate of lime saline, — 
160 hours. | | 

I next compared the effect of phosphate of lime saline with phosphate 
of lime saline containing in each 100 cc. 1 cc. of 1°/, solution of 
potassium chloride. 

In nine experiments with phosphate of lime saline contractility 
persisted on an average 77 hours. 

In nine experiments with phosphate of lime saline containing 
potassium chloride contractility persisted on an average 87 hours. 

I next compared the effect of phosphate of lime saline, each 100 cc. 
containing 1 c.c. of 1°/, solution of potassium chloride, with phosphate of 
lime saline each 100 c.c, containing 1 c.c, of potassium chloride and 1 c.c. 
of 1°/, solution of sodium bicarbonate. 

In six experiments with phosphate of lime saline containing potassium 
chloride contractility persisted on an average 77 hours. 

In six experiments with the same solution containing sodium 
bicarbonate contractility persisted on an average 80 hours. 

In the foregoing experiment the vessels were kept in a warmed room 
but in the following experiments the vessels were kept out of doors 
during very cold weather (January). 

22—2 
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In six experiments with phosphate of lime saline, each 100 c.c. con- 
taining 1 c.c. of KCl solution, contractility persisted on an average 129 
hours. 

In six experiments with the saline solution plus 1c.c. of sodium 
bicarbonate contractility persisted on an average 140 hours. 

I made some more experiments in March with saline and phosphate 
of lime in saline and with saline compared with saline (200 c.c.) contain- 
ing 4c.c, of 1°/, solution of calcium chloride. 

In thirteen experiments with saline the contractility persisted on an 
average 66 hours. 

In thirteen experiments with saline containing phosphate of lime 


- contractility persisted on an average 78 hours. 


In fourteen experiments with saline contractility persisted on an 
average 65 hours. 

In fourteen experiments with saline containing calcium chloride, 
contractility persisted on an average 71 hours. 

In the latter half of February and in March I made some further - 
comparative experiments with saline and saline containing sodium 
bicarbonate. Of six experiments in mobremey with saline contractility 
persisted on an average 40 hours. 

In six experiments in February with saline containing sodium > 
bicarbonate contractility persisted on an average 42 hours. 

In March in two experiments with saline contractility persisted on 
an average 20 hours, with saline containing sodium bicarbonate 23 
hours. 

We see then that these solutions in respect of their efficiency to 
sustain contractility stand in the following order. Saline solution is the 
least effective, next follows saline containing sodium bicarbonate, then 
phosphate of lime saline, next phosphate of lime saline containing 
potassium chloride. Phosphate of lime saline containing potassium 
chloride and phosphate of lime saline containing potassium chloride and 
sodium bicarbonate sustain contractility about an equal time. Phosphate 
of lime saline sustains contractility longer than saline solution contain- 
ing sodium bicarbonate. 

Season however appears to influence the effect when sodium bicar- 
bonate is added to saline, for in the mid-winter months the sodium 
bicarbonate sustained contractility to a considerable extent, whilst in 
the latter part of February and in March, it lost its sustaining effect. 

Now this being the order of their efficiency as circulating fluids for 
the heart, it would appear that lime and potash salts are as necessary to 
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the etadotinns of muscle at rest as to the metabolism occurring during a 
muscular contraction. 

Another circumstance however wccliinn 3 in part the efficacy of lime 
and potassium salts in sustaining contractility in quiescent muscle. 

I noticed in the muscles placed in saline active contractions. This 
was much more apparent in muscles that were partially detached, and 
especially noticeable in the sartorius when torn from the rest of the 
muscles and attached only by its lower end. Now these contractions must 
consume the energy of the muscles and hasten exhaustion and the 
advent of rigor mortis. 

In February I commenced a further series of experiments regarding — 
the effect of saline solution and saline solution containing other salts to 
produce contractions. 

Since I made these observations I find that Biedermann’ bis 


made similar experiments with results quite in accord with mine. Our © 


methods however differed in some respects, and I recount here certain 
additional experiments to those he performed. 

In his experiments he employed the sartorius of a strongly curarized 
frog. Hesuspended the muscle in a solution consisting of a litre of water, 
5 grms, NaCl, 2°5 grms. Na*HPO*, and 0°4 grms, Na? CO*, and in most 
of his experiments he kept the temperature below 10°C. He, obtained 
contractions in all respects like those described in my experiments, but 
I employed all the muscles of the thigh cut into thin ribands and 
attached only at the knee. I did not curarize the frog and I placed the 
limb in simple saline. Biedermann took no tracings of the contrac- 
tions. 

It is obvious therefore that the alkaline soda salts a not dis SO 
important a part in the production of these contractions as Biedermann 
supposes. I shall shew that phosphate of soda or caustic soda added to 
saline increases somewhat the frequency and the strength of the 
contractions. As I have said though working under different circum- 


stances I obtain the same results, so well described by Biedermann. 


We both find that temperature strongly influences these contractions, 
these being more frequent and more vigorous at a temperature between 
20 and 30°C. than below 10°C. At a low temperature the contractions 
become somewhat rhythmical. There occur long pauses free from 
contractions, varying from ten seconds to two or three minutes, and then 
a series of contractions take place of much the same strength and 


1 Wien Sitzungsbericht. Bd. uxxx11. 1880, p. 257. 
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separated by about the same intervals. Occasionally the beats for a . 
minute or two are quite rhythmical. 

I cut off both hind limbs of a frog through the hip joint and after 
stripping off the skin I cut the thigh muscles into thin ribands, and left 
them attached only at their lower end close to the knee joint. One 
limb I suspended in 200 c.c. 6°/, saline solution, the other in a similar 
quantity of saline solution containing some other salt. 

On placing the limb in saline solution the strips of muscles at once | 
contract frequently, and one sees both massive and fibrillary contraction, 
ie. the whole muscle or piece of muscle is contracted, and in addition 
one sees the contraction of fibrille merely. The contractions begin soonest 
and are most marked in the thigh muscles cut into thin bands. Later 
fibrillary contractions occur in the uninjured lower leg muscles causing 
twitching of the toes. These contractions persist often for hours and 
continue longer in the uninjured than in the thigh muscles cut into 
ribands. 

As Biedermann noticed with his solution so I find that when the 
contractions have ceased — often recur on renewing the saline 
solution. 

On removing the limb from saline, strong fibrillary contractions 
persist for some time, and when they cease the excitation of a con- 
traction by the faradic current brings them back again to persist 
without any further stimulation for half a minute or even longer. 

The muscles of the fellow limb placed in phosphate of lime saline 
solution twitch much less, and in some cases no contractions at all 
occur. 

The addition of 1 c.c. of 1°/, solution of potassium chloride to each 
100 c.c. of the testing fluid very slightly lessens the fibrillary twitching 
of the muscles in saline solution. The twitchings of the muscles in 
phosphate of lime saline solution are greatly lessened or even utterly 
arrested; but on replacing the muscles in their original fluid the 
twitching again increases, and on the further addition of potassium 


chloride the same effect follows as on the first addition. 


I find that sodium bicarbonate like lime salts prevents the seeetannad 
twitching? 

On Jan. 16 and 19 I prepared the two hind legs of a frog in the 
manner described. One (A) I placed in 200 c.c. saline, the other (B) in 
200 cc. saline solution containing 8 cc. of 1°/, solution of sodium 
bicarbonate. Muscular twitching began at once in the limb placed in 
saline, but none occurred in the muscles placed in the saline and sodium 
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bicarbonate solution. After half an hour I added 8 c.c. of sodium 
bicarbonate solution to the 200 c.c. saline solution and removed the other 
limb from saline and sodium bicarbonate solution and placed it in 
200 c.c. saline. The addition of sodium bicarbonate to saline solution 
(A) lessened the movements, so that in thirty-three minutes the 
muscular twitching had almost ceased. The muscles of leg (B) 
removed to simple saline immediately began to twitch and both 
the partially detached (thigh) and entire (lower leg) muscles twitched 
vigorously. 

I then removed (A) from the saline and sodium bicarbonate solution 
and replaced it in saline, when the muscular twitchings immediately 
increased and became quite vigorous in both the partially detached and 
in the lower leg muscles (tibialis anticus and gastrocnemius). 

--In two hours and a half the twitching in both limbs had almost if 
not quite ceased. 

I next tested in the same way the action of a weaker solution of 
sodium bicarbonate 4c.c. to 200 c.c. of saline, and I found that whilst 
the twitching of the partially detached muscles of the thigh and the 
uncut gastrocnemius and tibialis anticus etc. of the limb placed in 
saline twitched vigorously, the slightest movements only occurred in the 
fellow limb placed in saline and sodium bicarbonate solution. — 

I next tested a weaker solution, adding 2c.c. of sodium bicarbonate 
1°/, solution to 200 c.c. saline (1 in 10,000 part? of sodium bicarbonate), 
and found that this minute quantity lessened the twitchings, which 
though marked were decidedly less than the twitchings of the fellow 
limb placed in simple saline solution. 

In February and again in March I repeated hens experiments with 
sodium bicarbonate solution, adding to the 200 c.c. saline 4c.c., 6 c.c., 
8 cc, and 12 cc. of 1°/, solution of sodium bicarbonate. I made nine 
comparative experiments and found that the sodium bicarbonate did 
not influence the movements at all, or if it had any effect it slightly 
increased the contractions, and I found that contractility tested by 
a faradic current persisted about the same*time in the muscles placed 
in saline as in those placed in saline plus sodium bicarbonate. The 
average of six experiments with saline being 40 hours and of six 
experiments with saline and sodium bicarbonate being 42 hours. 

I find that small doses of potassium chloride 1c.c. to 4c.c. of 1°/, 
solution added to 100 cc. of saline somewhat lessen the contractions. 
These quantities added to phosphate of lime saline solution at once 
check any movements, though, as I have said, phosphate of lime 
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without the aid of potassium chloride generally prevents any move- 
ments. 

The addition of potassium chloride whilst it somewhat restrains 
the movements has but little effect in sustaining contractility, for in 
five experiments with saline contractility persisted on an average 
63 hours. 

five experiments solution containing 4c.c. of potassium 
chloride to 100 c.c. sustained contractility on an average 69 hours. 

These experiments then confirm the conjecture that salts in part 
sustain contractility by preventing or lessening twitching of the muscles, 
for phosphate of lime in saline greatly lessens or even prevents them, 
and the salt greatly prolongs the period during which contractility 
persists. 

Sodium bicarbonate too in the mid-winter months greatly lessens 
twitching but to a less extent than phosphate of lime, and sodium 
bicarbonate also sustains contractility though for a shorter period than 
phosphate of lime; whilst a little later in the year sodium bicarbonate 

loses its influence over the twitching and loses also power to sustain 
contractility. 

Further potassium chloride added to saline controls the contractio ons 
but slightly and it has but little power to sustain contractility. 

_ Temperature strongly influences the contractions. 

The contractions are most active between 20° and 25°C. Below 
10°C. they diminish much and at 8°C. they almost stop, becoming not 
only less frequent but weaker. The contractions are especially active 

_as the temperature of the fluid is rising. At 35° to 38° the movements 
quickly cease and the muscle passes into rigor. 

Saline made with tap water prevents these twitchings, as the follow- 
ing experiment proves. 

On Jan. 20 I placed one posterior extremity in 200 cc. distilled 
water saline, the other in 200c.c. tap water saline. The muscles in the 
distilled water began to twitch in three minutes and in ten minutes 
became quite brisk, the lower leg muscles quivering actively as well as 
the partially detached muscles of the thigh. The twitchings continued 
all day and were quite energetic eight hours from the beginning. The 
muscles in tap water saline did not twitch at all. 

Contrary to what one would expect distilled water causes few or no 
twitchings. 

On Jan. 20 I placed one hind limb of a frog in 200 c.c, distilled 
water saline and the other in distilled water. Active twitching 
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persisted in the muscles in saline solution three hours, but had ceased 
in five hours and a half. In the muscles in distilled water one twitch 
occurred five minutes after the immersion but no other movement, and 
all the muscles soon passed into firm rigor. 

I next took tracings of the sartorius in various polskie I care- 
fully separated the sartorius from the pelvis and left it attached only to 
the tibia. I cut off the greater part of the thigh and lower leg and 
then fixed the preparation and placed it in the testing fluid, attaching 
the free end by a ligature to a lever supported by a fine indiarubber 
thread against which the contracting muscle had to act. 

In Fig. 1 (Pl. X.) I give a traeing from a sartorius placed in °6°/, 
saline. The contractions are considerable and frequent. There is also 
persistent spasm occurring in the form of a wave. 

All muscles however do not contract to the extent shown in this 
figure, the sartorius of one leg often contracts considerably more 
than the sartorius of the fellow leg. Indeed in some instances there 
are no contractions. Where they are slight they generally cease in a 
few minutes, When however the contractions are marked, they often 
persist half an hour to an hour. 

The persistent spasm or tonic contraction too varies in amount. It 
is generally most marked when the rapid contractions are strongest. The 
tonic spasm gradually grows less and ceases in a few minutes, even when 
the contractions persist longer. 

Sometimes it uniformly grows less; in n other cases, as shown in the 


tracings, it relaxes a little and then returns, so that waves appear in the 


trace. Even when there are no rapid contractions, tonic spasm often 
occurs and slowly relaxes. 

As the muscle grows weak pauses occur of variable length, that is of a 
few seconds to several minutes, followed by a series of rhythmical beats, 
and in some instances the beats are about the same strength, and sepa- 


rated from each other by the same interval; they are indeed perfectly 


rhythmical. In other cases the rhythm is somewhat irregular. With 
these contractions there often occurs some persistent spasm, and with 
some of the contractions relaxation is slow, see Fig. 2, A, B, 0. 
These rhythmic contractions too frequently take place when the rapid 
contractions are much restrained by adding to the 200 saline solution 
4.c.c. 1°/, solution of calcium chloride. See 

As the exhaustion progresses the non-beating periods increase in 
duration, and the number and strength of the following beats diminish, 

At present I am unable to explain in all cases the different amount 
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of contraction in different experiments with saline ; for instance, when 


the sartorius of one leg contracts much more than the sartorius of the 
other leg. I think that in some cases exposure of the muscle for twenty 
to thirty minutes increases the amount and frequency of the contraction ;_ 
at least it commonly happens that the sartorius last tested contracts 
much more than the other first tested sartorius. 

The condition of the frog no doubt greatly influences the contractions. — 
In exhausted muscles a stronger minimal stimulus is required to produce 
a contraction. As the stimulus from saline solution is evidently feeble 
in a weak frog, we should naturally expect weak contractions or no 
contractions at all, and this indeed is the case. 

As with the former experiment, so with the graphic method, I find 
temperature greatly influences the frequency and extent of the contrac- 
tions. With a temperature about 10°C. the contractions are infrequent 
and not very strong, but on raising the temperature to 25° or 30° the 
contractions grow much greater and more frequent. With the tempera- 
ture about 10°C. or lower, the contractions are very similar in frequency 
and strength to those occurring at a higher temperature, after more 
frequent and energetic contractions have somewhat exhausted the 
muscle. There occur pauses without any contractions, varying from a 
few seconds to several minutes; and then a series of contractions follow, 
the interval between these being in some instances much the same, in 
other instances varying a good deal and then again a pause occurs. 

After the contractions have grown less frequent and weaker, by 
renewing the saline solution the contractions again improve. Bieder- 
mann noticed the same effect with his alkaline saline solution, and 
attributes the weakening of the beats to the production of contraction 
products which diffuse into the fluid and depress the function of the 
muscle. 

Mere alteration in the percentage amount of salt influences the 
contraction, as the following experiment shows. On April 13 I placed 


. the sartorius in ‘5°/, saline solution. For the first three minutes only 


the faintest contractions occurred. They then for two or three minutes 
became moderately strong and again grew weak. I then added 25c.c. 
2°/) solution of salt to 200c.c. of ‘5°/,, which much increased the activity 
of the contractions. I then returned to ‘5°/, solution and in about a 
minute the contractions became much weaker. I then added 25 c.c. of 
2°/, solution to 150cc. ‘5°/, solution and the contractions became 
greatly increased. I added another 25 c.c. of 2°/, solution and still further 
increased the contractions. Again I returned to 150 c.c. 5°/) solution and 
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the contractions greatly lessened, occurring in paroxysms with quiescent 
periods of half a minute. I then added 50c.c. 2°/, solution, and again 
greatly increased the frequency of the contractions, On returning to 
150 cc. 5°/, solution contractions ceased but returned for a short time 
on adding 50 c.c. of 2°/, solution of sodium chloride. 

On the other hand, lessening the relative amount of NaCl, as by 
_ adding distilled water to the saline solution lessens or prevents these 
muscular contractions. For instance, reducing the ‘6°/, to ‘5°/, NaCl 
decidedly lessens the contractions. Here I will record one experiment 
showing the effect of dilution. I first took a trace with 200cc. °6°/, 
saline solution, and obtained active contractions. On adding 50 cc. 
distilled water, the contractions ceased and failed to return on adding 
another 50c.c. and a third 50c.c. distilled water. On returning to ‘6°/, 
saline, slight contractions recommenced, and the further addition of 2 c.c. 
of 2°/, BaCl? induced active contractions. 

I next tested the effect simply of distilled water on the contractions. 
I first took a trace with °6°/, saline solution, and then replaced this by 
distilled water, when the contractions ceased at once, though in some 
experiments a few single strong contractions occurred at many minutes’ 
interval. The distilled water however induced some persistent con- 
traction, which passed away on the addition of saline, provided not too 
long a term had elapsed, before adding the NaCl, i.e. about eight to ten 
minutes. 

When these contractions brought out by immersion in saline cease 
contractility still persists, and stimulating the muscle with a faradic 
current the coil, standing at 15 to 20, will excite good contractions. 
Moreover, the addition of substances like barium chloride at once 
developes active contraction; indeed barium chloride will produce con- 
tractions and persistent spasm much more marked than with saline at 
the beginning of the experiment. 

Saline saturated with phosphate of lime greatly lessens the contrac- 
tions. I have made many experiments, employing alternately with the 
same muscle saline solution and phosphate of lime saline solution, and 
always with the same result. With the entire sartorius however the 
difference is not so great between saline solution and phosphate of 
lime saline solution as it is with the muscles of the thigh cut into strips. 
Perhaps the difference depends on the time of year, for with the thigh 
muscles the difference is greater in January and February than in 
March ; but the difference is of this kind, that with either solution the 
contractions in March are much less than in the earlier months. 


~ 
q 
a7 
1 
4 
$ 
a 
we 


= 4. 
= - 


302 | S. RINGER. 


I made twelve experiments to test also the effect of calcium chloride 
using 1 °/, solution, I added 2 to 4 cc. of this to 200 cc. of saline 
solution. After testing the effect of simple saline I added at once 4 c.c. 
of calcium chloride solution. In every instance I tried this solution 
it almost immediately to a great extent lessened the contractions, and 
in many instances all but arrested them, in some, quite stopped them. 
In several cases after a few minutes slight contractions returned but were 
much less than with saline at the beginning of the experiment. In 
eight of the experiments at one period after the addition of lime 
chloride the contraction became literally rhythmic, i.e. the contraction 
occurred at pretty equal intervals and in much the same force. The 


’ following short account of an experiment is a good example of the 


experiments. On April 5 the sartorius in saline contracted actively. 
The addition of 4¢.c. of CaCl* solution at once almost arrested the con- 
tractions which were rhythmic in character. I then returned to saline 
solution, which induced active contractions, and these were at once 
arrested on the addition of 4.c. of calcium chloride solution. Again 
I placed the muscle in simple saline and again active contractions 
occurred, which were at once arrested on adding 4c.c. of 1 °/, solution of 
potassium chloride. 

The addition of lime chloride arrests not only the rapid contractions 
but also removes the persistent contraction, so that the trace rises higher 
above the base line. These effects are shown in Fig. 3. 

In many experiments made with potassium chloride I find its action 
is largely influenced by temperature. My experiments have been made 
generally with the fiuid at from 10° to 16°C. Soon after adding 4 c.c. of 
1°/, solution of KCl to 200c.c. saline solution the muscle strongly con- 
tracts, dragging down the recording lever far below the level reached 
even when the contractions are well marked with saline; the muscle 
then slowly relaxes, but before it has much elongated fresh con- 
tractions set in, or when at its maximum contraction frequent well 
marked contractions occur, and these cease and the muscle slowly 
relaxes, see Fig. 4. Then the muscle remains quiescent for a variable 
time, ten seconds to one or two minutes, when contractions like*those 
recorded in Fig. 5 occur and again the muscle becomes quiet, or after a 
few minutes again contracts as shown in the figure. By degrees the 
contractions become less marked and at last merge into a single slight 
contraction which relaxes slowly. With some muscles only these slighter 
contractions occur throughout the experiment. With a higher tempera- 
ture the addition of potassium chloride solution, just like calcium chloride 
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at once arrests the contractions. 1 c.c. of 1°/, solution diminishes the 
contractions greatly, but 2c.c. ie. 1 part of KCl in 5000 well nigh stops 
them or stops them altogether, and on returning to simple saline solution 
the contractions recommence actively. 

The following experiment is a good example of the influence of 
potassium chloride. On Feb. 26 a sartorius muscle placed in saline con- 
tracted energetically. To the 200c.c. of saline I then added 2 c.c. of 1°/, — 
solution of potassium chloride and the contractions all but ceased. Again 
I placed the muscle in 200c.c. of saline solution and active contractions 
returned. I again added 2c.c. of potassium chloride solution and again 
greatly restrained the contractions, yet a third time saline solution 
restored the contractions, and this final trial stopped the contracting. In 
the previous experiment the changes were made quickly, but after the 
addition of 4¢.c. of potassium chloride solution to 200 c.c. saline solution, 
if the effect is watched for a considerable time, it generally happens 
that after an interval of two or three minutes contractions return, but 
occur in groups, a long interval often intervening. The contractions are 
often very vigorous and rapidly repeated; these outbursts of contractions 
at long intervals grow weaker and then cease. In some cases the trace 
is in the form of an irregularly wavy line. 

Potassium chloride then whilst modifying considerably the shecasica of 
the contraction induces very marked contractions, and our previous experi- 
ments showed that potassium chloride added to saline solution does not — 
sustain contractility. The difference between calcium chloride and potas- 
sium chloride is very striking, as the following experiment shows. On May 
6 saline solution excited active contractions, which were at once cut short 
on adding 4c.c. of 1°/, solution of calcium chloride to 200c.c, saline. After 
six minutes I replaced the sartorius in saline and soon after added 4 c.c. 
of 1 °/, solution of potassium chloride. This produced the effect shown 
in Fig. 5. I added 4c.c. CaCl* solution and at once stopped all con- 
tractions. In about four minutes I replaced the muscle in saline without 
inducing any strong contractions, as generally happens when saline 
solution replaces saline solution containing potassium chloride 1 part in 
5000. Soon after I added 4c.c. potassium chloride solution and again 
induced the usual potash effect, which was arrested again though more 
slowly by adding 4c.c. of calcium chloride solution. I then again 
reverted to simple saline without inducing any contractions and again 
added 4c.c, potassium chloride solution and induced well marked potash 
contraction. These were again stopped though not so rapidly as on the 
first occasion by adding 4c.c. of calcium chloride solution. Again I 
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returned to saline, then added potassium chloride solution and again 
excited well marked potash contractions, which calcium chloride once 
more arrested. This action of potassium chloride and the antagonism of 
calcium chloride I many times verified. 

On March 20th I tested the action of 4¢.c. and 8c.c. of 1°/, solution 
of sodium bicarbonate added to 200c.c. of saline solution and found that 
the sodium bicarbonate rather increased the contractions, which became 
immediately considerably lessened on adding 2 c.c. of potassium chloride — 
1°/, solution. At this time of year I have found that sodium bicarbonate 
added to saline solution does not sustain contractility. 

_ Thus the graphic method confirms the experiments in which the 
movements were estimated by sight: in most cases saline solution 


- induces active contraction and persistent spasm (contracture or tonic 


spasm). Warmth greatly favours these movements, whilst cold approach- 
ing 0° C. retards or prevents them. If the contractions are restrained 
by cold, or even with a higher temperature when the contractions 
grow weak, they become rhythmical and occur in groups separated by 
long contractionless periods. Persistent spasm may occur without any 
rapid contractions, and whether with or without rapid contractions per- 
sistent spasm passes off in a few minutes. If they pass away without 
rapid contraction the trace takes the form of a slowly ascending line. 

The addition of more NaCl to the °6°/, saline increases the vigour 
and frequency of the contractions, whilst the dilutions of the saline with 
distilled water lessens and arrests the contractions. The replacing saline 
solution with distilled water arrests the contractions, | 

By adding calcium chloride 1 part to 5000 parts of saline solution 
these contractions are almost immediately lessened or arrested. In 
some instances weak contraction recurs after a few minutes. Sodium 
bicarbonate slightly increases the contractions in March. Potassium 
chloride greatly modifies the character of the contraction without 
lessening at certain temperatures to any marked extent the amount of 
contraction. 

I will now record some experiments made with the wish to ascertain 
if the contractions depend on the direct effect of the solution on the 
muscle, or indirectly through its effect on the nerve, or whether the 
solution can induce contractions in both ways. 

As saline excites active contractions in the sartorius separated from 
the limb with the exception of its lower tendon, if the saline acts 
through the nerves, it can do so only through its action on the 
terminations of the motor nerves in the muscle, 
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Biedermann in his experiments with strongly curarized frogs 
obtained contractions with his alkaline saline solution. I too have 
strongly curarized moderate sized frogs by injecting two doses at a 
few hours’ interval of 1 c.c. of *1°/, solution of curare solution and then 
amputated the posterior limbs, stripped off the skin and cut the 
thigh muscles into thin bands, and on immersing the limbs in °6°/, saline 
strong contractions ensued. These experiments however appeared to 
me liable to error. In former communications I have already shown 
that many substances merely suspend and do not destroy function, and 
that their activity in this respect depends on the percentage dose, and 
this being reduced function returns. For instance, if to a circulating 
fluid enough potassium chloride is added to arrest the heart, by diluting 
the circulating fluid with fluid free from potassium chloride good 
contractions return. Curare again unless employed in very large doses 
simply suspends function and is gradually eliminated and the animal 
recovers. It occurred to me then as a feasible explanation that by 
immersing the curarized muscles into a large quantity of saline, the 
curare might get diffused out with return of function; the following 
experiment shows that this is precisely what occurs. 

On March 26 I injected under the back of a frog weighing 34 
grammes lc.c. of ‘1°/, curare at 2 p.m. and again at 5 pm. Next 
morning at 9 am. I cut off one leg and on applying’ a faradic 
current to the sciatic the coil being even at 0 did not excite any 
contractions; consequently its motor terminations were completely 
paralysed. I then placed the limb in 200 .c. saline solution. In fifteen 
- minutes the coil standing at 12 faradisation of the sciatic nerve excited 
slight quiverings of the toes. In thirty minutes the quivering rather 
increased and continued to increase, and in an hour and a half the foot 
muscles contracted with the coil at 27. In an hour and three-quarters 
the foot muscles contracted vigorously with the coil at 27. 

Here then the curare diffused out and nerves perfectly paralysed 
became competent to conduct weak excitations, but the process was 
slow, whilst with curarized muscles placed in saline solution wean, 
contractions commence at once. 

I have made further experiments on this question. 

On Jan. 15 at 9a.m. I injected a small sized frog with ‘5c.c. of ‘1°/, 
curare solution and repeated the dose in the evening. Next morning 
at 9am. I amputated both posterior limbs, tested the nerves and found ~ 
they did not conduct, removed the skin and cut the thigh muscles into 
thin strips, One limb I placed in 200 c.c. saline solution the other in 200 
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saline solution containing 3c.c. of ‘1°/, curare solution. Brisk twitching 
immediately commenced in both limbs. The twitchings increased equally 
in both, and involved the lower leg muscles as well as the cut thigh 
muscles. In about an hour the muscular contractions grew much less 
in the cut thigh muscles, and in two hours were much less also in the 
lower leg muscles. 

It appears then that the saline solution excites teitohings a its 
direct action on the muscular tissue, unless the quantity of curare added 
to the saline is very small, and permits the curare in the nerves to 
diffuse out; but this explanation can hardly pass, for the twitchings 
began immediately the limb was immersed in the curarized saline and 
were as active as those of the limb placed in the non-curarized saline. — 

I next tested the effect of curare on tracings of the sartorius. 

On March 26th I injected at 2 and 5p.m. lcc. of 1°/, solution of 
curare and next day at 9 a.m. I tested the sartorius, The sciatic nerve 
of the limb failed to conduct when strongly faradised. The sartorius 
contracted vigorously when placed in saline. I then added 4°5c.c. of 
curare solution to the 200c.c. of saline; contractions continued for 35 
minutes, when the experiment was discontinued. This experiment 
strongly supports the view that saline induces contractions by its direct 
action on the muscle, for after the experiment the sciatic still failed to 
conduct the strong excitations of a faradic current to the muscle with 

which it still remained connected. 

I next tested the action of the other members of the lime group, 
namely, strontium and barium. I used 1°/, solution of strontium 
chloride, 2°/, solution of barium chloride. 

In a former communication’ I have shown that in the composition 
of an artificial circulating fluid for the frog’s heart strontium chloride 
can fairly well replace calcium chloride, whilst I showed that barium 
chloride in its action is far removed from both these substances and 
cannot in any degree replace them in a circulating fluid. Barium 
induces in the ventricle a great deal of persistent spasm and causes the 
muscular coat of blood-vessels to contract strongly. 

As with the heart muscle so with skeletal muscle, strontium is 
very similar to lime, whilst barium is far removed from both. Thus 
strontium chloride like lime chloride added to saline solution in the 
proportion of 1 part to 5,000 lessens the contractions which saline 
solution induces. Barium chloride on the other hand when added 


1 Practitioner, August, 1883. 
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in the same proportions to saline solution acts quite differently. If 
added at the beginning of the experiment it has no effect on the 
contractions or may slightly increase them and induce slight persistent 
spasm. If however the sartorius is first subjected to the action of saline 
solution for ten to twenty minutes and the saline solution is replaced by 
fresh saline, then, on adding 2c.c. of barium chloride to 200 c.c. saline 
solution, very active and powerful contractions occur, much greater than 
ensued with simple saline solution, and at the same time great persis- 
tent spasm is induced. The persistent spasm often relaxes a little and 
then again increases and thus assumes the form of waves. See Fig. 6. 

The absence of barium-effect before the renewal of the saline is due 
I suggest to the salts of potash and salts of lime, in the muscle or saline 
into which they have diffused, antagonizing for the greater part the 
barium salts; for if after replacing saline 4c.c. to 6c.c. of KCl 1°/, 
solution are added barium effects are prevented ; or if barium chloride 
is first added the induced persistent and rapid contractions are speedily 
arrested by adding potassium chloride or calcium chloride. 


DESCRIPTION OF FIGURES. 


Plate X. Fig. 1. 


A. Sartorius in °6°/, saline taken March 20, It shows well marked and 

rapid contractions, also persistent spasm varying in amount and assuming © 
_ the form of waves. : 

B. A sartorius trace in saline solution taken on Feb. 26. Here the rapid 
contractions are much less marked, but the wave-like persistent spasm 
is well marked. : 

C. Trace of sartorius in saline solution, the drum revolving more rapidly. 


Fig. 2. 
Effect of saline solution, temperature 10°5°C. fifty. minutes from the 


beginning of the experiment. 

Effect of saline solution, temperature of fluid 10°C., seventy minutes from 
the beginning of the experiment. 

Trace with saline. 

Trace with 200 c.c. saline to which 4¢.c. CaCl’ 1°/, solution was added, 
seven minutes after the addition. 
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Fig. 3. 


A. Shows the effect of saline. At the cross 4c.c, 1°/, CaCl* were added to 
200 c.c. saline. | 

B. ‘The trace seven minutes after the adding of CaCl’ solution, showing the 
slight return of the contraction. This return is much greater than 
usually occurs. At the end of fourteen minutes the contractions almost 
ceased, but returned again placing the muscle in saline solution. 


Fig. 4. 


Effect of adding 4¢.c, 1°/, solution of KCl to 200c.c. saline solution 
added at the point indicated by a cross. 


Fig. 5. 
Later effect of potassium chloride. 
Fig. 6. 


Showing the effect of adding 2c.c. 2°), solution of BaCl’ to 200 c.c. saline 
solution. Barium chloride added at the point indicated by a cross. At the 
end of eight minutes persistent spasm still persisted. 
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DESCRIPTION OF A PISTON RECORDER FOR AIR 


CONNECTIONS. By F. W. ELLIS, M.D. Boston, Mass. 
Plate XL Figs. 1—3.) 


In physiological experiments it is very frequently necessary or con- 
venient to record phenomena at a distance from the place of their 
occurrence. Up to the present time the most useful and generally 
employed apparatus for this purpose has been the drum introduced by 
Buisson, but generally known as Marey’s. The movements which it 
registers are transmitted from the place where they appear to the 
membrane of the drum by means of air. A properly constructed drum 
is, for many purposes, a very delicate form of registration apparatus. — 
Numerous experiments have shewn that air is a very reliable medium ~ 
of transmission, and, for complicated or rapidly recurring movements, is 
greatly superior to a liquid for this purpose. The weight and inertia of 
the mass of liquid together with the resistance to its passage through 
tubes of narrow calibre render a liquid connection very unsatisfactory 


for delicate experimentation. 


_ The physiological movements that it is desired to record may be 
divided into two classes: rapid movements, like those of the heart, 
pulse, and respiration; and slow movements, like those due to the 
varying size of organs or limbs from vascular changes. The Marey’s 
drum is very well adapted for recording the first kind of movement, 
but offers inconveniences and imperfections for transcribing the second. 


It is frequently desirable to register the two kinds of movements at the 


same time, as in plethysmographic experiments when it is required to 
record the slow volumetric changes and the pulse curves in the same 
tracing. Notwithstanding the imperfections of the drum for plethys- 
mographic purposes, the advantages of the air connection are so great 
that the drum has been very successfully employed in extended series 
of plethysmographic investigations. It seemed very desirable to devise 
an apparatus that would retain the advantages of the air connection 
and obviate the disadvantages of the drum, an apparatus that would 
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give us a faithful record of slow volumetric changes of any extent, 
and at the same time register intricate rapid movements. 

One of the disadvantages of the drum for plethysmographic purposes 
is that it is very difficult, with a membrane of sufficient thinness and 
delicacy, to render the apparatus perfectly air-tight. Extended move- 
ments of the recording lever of the drum are impeded by the tension of 
the membrane, and the tracing, therefore, becomes deformed. With 
_ the piston recorder these disadvantages are obviated. We may obtain 
excursions of the piston of any desired extent, without adding in 
the least to the pressure of the air in the apparatus. ; 

The piston recorder to act with a liquid has been employed for 
some time by. physiologists. The registering apparatus of Roy’s 
plethysmograph is essentially a piston recorder. The piston in this 
case is a piece of hard rubber, smaller than the cavity in which it 
works. This is fastened to the top of the cavity by a piece of delicate 
and inextensible membrane impervious to the olive oil that fills 
the apparatus’. The ingenious apparatus of Schafer described in 
this Journal* can be usefully employed for certain purposes, but, 
as it is filled with liquid, it lacks the delicacy of one employing only air 
as a medium of transmission. | 

It is necessary that the air-tight piston of the recorder should move 
with the utmost freedom, with the slightest possible amount of friction 
in the tube containing it. It is possible to construct such a piston in 
a very simple manner. Selecting a glass tube of even bore I make 
a piston of paraffin with a diameter a little less than that of the tube. 
The tube is then thoroughly lubricated with oil. The layer of oil, that 
collects between the tube and the outer surface of the paraffin piston, 
serves to complete the piston, and to render it air-tight for the slight 
pressure to which it is subjected. For delicate work it is necessary 
to lubricate the tube with a very thin oil. I generally employ some 
one of the volatile oils, as oil of peppermint, clove, etc. The volatile 
oils are very fluid and mobile, and have a slight solvent action upon 
the paraffin, which makes the layer of oil adhere more firmly to it. 
For a piston-rod I generally employ a slender piece of glass made 
by drawing out a piece of glass tube or rod in the flame of a lamp. 
This simple apparatus may be employed for a variety of purposes. It 
should be connected with rubber tubing to other apparatus in the same 
way as the Marey’s drum. The glass tube may be held horizontally 


1 This Journal, Vol. m1. p. 206. 
2 Vol. v. p. 130. 
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by means of -a clamp. A thin piece of metal with a notch in its upper 
edge, fastened vertically before the end of the tube, serves as a support 
for the piston-rod to which is attached at right angles a paper or 


tinsel marker. The instrument writes upon a horizontal cylinder in the | 


same way as Schafer’s recorder. For some purposes the tube may be 
held in a vertical or inclined position. For this form of apparatus, 
however, the horizontal position is to be preferred. When held thus, 
there is less danger of leakage of air, and with a marker of sufficient 
length and weight the point of the marker is always in contact with 
the paper, however great the excursions of the piston. 

It is absolutely essential that the apparatus be perfectly air-tight. 
Any leakage of air will cause an error in the tracing. This error shows 
itself more particularly when the piston travels in one direction with 
greater rapidity than in the other. 


Although this form of apparatus is admirably adapted for certain — 


purposes, it does not possess the delicacy required for certain kinds of 
work. The paraffin pistons are very light, but it is impossible to 
construct one that will mark with perfect freedom without any friction. 
If air were an incompressible fluid this friction would have no 
appreciable effect upon the tracing. The air acts as an exceedingly 
delicate spring behind the piston. The slightest amount of friction 
between the. piston and its tube serves to compress the air to a certain 
degree before the piston can move. To obviate this friction as much as 


possible the piston should be thin and of sufficient diameter, and should 


not fit the tube too closely. 

The delicacy of the apparatus can be vastly increased by placing the 
tube in a vertical position and attaching the piston-rod to a counter- 
poised lever. In this way the weight of the piston is neutralized, the 
friction becomes almost inappreciable, and the movements of the piston 
become greatly magnified. The smaller the piston-tube and the greater 
the difference in length between the long and short arms of the lever 
the more extensive the movement of the writing point. The greater 
the diameter of the piston, however, the more easily is it moved by the 
body of air behind it. The size of the piston should correspond to the 
purpose for which it is intended. Pistons with diameters varying from 
one or two millimeters to several.centimeters may be employed. The 
delicacy of this form of apparatus is much greater than that of the 
smallest Marey drum, and it possesses the additional advantage of 
being perfectly adapted for delicate plethysmographic work. A know- 
ledge of the details of its construction may be obtained from the figure. 
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(Pl. XI. Fig. 1). The tube B is held vertically by the clamp C. A is 
the paraffin piston, D is a perforated stopper through which passes the 
glass tube #. The tube £ should project above the level of the stopper 
in order to prevent any oil that may collect at the bottom of the tube B 
from running into the tube #. G is the slender piston rod of glass 
terminating above in the paper stirrup H presently to be described. 
M is a band of thin brass encircling the glass tube. The ends of the 
band are bent at right angles to the tangent of the circle formed by it. 
A piece of lead wire Z is soldered to M; this can be bent in any 
direction. A screw WN is fastened to the other extremity of the lead 
wire. O is a piece of wood or brass shown in a front view at Fig. 3. 
P is a small disc of cork with a pin axis. The sharpened extremities 
of the axis are received into corresponding depressions in the two lateral 
screws. The needles J and Q are thrust into this cork. The needle Q 
has a thread cut upon it ; and the small counterpoise R may be screwed 
backwards and forwards, The needle J may be attached to the paper 
marker K directly or by means of an intermediate piece of straw, — 
broom-corn, or other light substance. In constructing very delicate 
recorders I have made the entire lever of paper with the exception of 
the small piece of needle necessary to attach it to the cork disc. 
A long paper marker slightly bent works with very little friction against 
the smoked paper upon the recording cylinder, and is greatly superior 
to tinsel for delicate work. The connecting joint between the piston rod 
and the recording lever must, necessarily, be a very delicate one: the 
motion of the lever must not be impeded by it; at the same time, the 
joint must not be at all loose. A very satisfactory joint may be 
constructed as follows: A small piece of paper (H, seen in the front 
at Fig. 2) has a small hole punched in its centre. A piece of thin 
rubber or calves’ peritoneum is pasted over the hole with mucilage. 
The paper stirrup is fastened to the piston-rod by means of sealing-wax. 
The needle J is thrust through the membrane covering the hole in the 
paper. 

The pistons are very easily constructed. Small pistons may be cut 
out of the paraffin with a sharp cork-borer. Larger pistons can be 
readily made with a foot lathe. A small hole is made in the centre of 
the piston, and into this is cemented the piston-rod by means of a 
hot wire. The rubber tube F connects the recorder with the other 
apparatus with which it is used. Between this apparatus and the 
recorder there must be a lateral opening to be opened or closed as 
required. In adjusting the apparatus it is necessary that this should 
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be open. The piston should be well oiled, and the counterpoise should 
be so adjusted that, when the tube F is open, it will just balance the 
combined weight of the piston and lever. 

For very delicate plethysmographic work this recorder gives very 
remarkable results. With it I have obtained plethysmographic tracings 
of the frog’s leg in which the pulse-curves are several millimeters 
in height. By applying the same simple apparatus that I have 
employed for the frog’s leg’ to the finger of a man I have obtained 
pulse-curves nearly three-quarters of an inch in height. A short piece 
of large rubber tubing, closed at one end with a perforated rubber 
stopper connected with the tube F' of the recorder, makes an excellent 
finger tube. With this apparatus, containing only air, very interesting 
plethysmographic observations may be made. In recent experiments 
made with it in the Harvard physiological laboratory the phenomena 
observed by Mosso® in plethysmographic experiments with the whole 
arm, could be very clearly and beautifully shown with the finger 
plethysmograph. The effects of the respiration, of mental activity, of 
heat and cold, and of the position of the limb upon the circulation were 
clearly shown. The influence of various agencies in changing the form 
of the pulse curve was also very apparent. The success attending these 
experiments encourages the hope that the apparatus may be of service — 
in clinical investigations. It possesses the advantage of being a sphyg- — 
mograph as well as plethysmograph; it is applied with the greatest ease 
and can be constructed in any physiological laboratory. 

A piston a centimeter in diameter is sufficiently small for finger 
experiments. Tracings can be obtained with it that can be easily read, 
and are more accurate than those obtained with a smaller piston. _ 

A large number of interesting and important investigations may be 
prosecuted with this delicate and sensitive recording apparatus, and we 
hope to be able, in reporting experiments with it at another time, 
to — some examples of its work. 


1 This Journal, Vol. vt. p. 437. 
2 Sulla Circolazione del Sangue nel Cervello del? Uomo. 
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THE LIQUID PISTON RECORDER AND THE REGIS. 
TRATION OF ITS MOVEMENTS BY MEANS OF 
PHOTOGRAPHY. By F. W. ELLIS, M.D. Boston, Mass. 


IN a recent article in this Journal’, I briefly described an apparatus _ 
which I had employed to make manifest very slight volumetric changes. 
This simple instrument consists of a glass tube, held horizontally, in 
which a very small quantity of liquid is placed to act as a liquid piston. 
The movements of the drop of fluid accurately correspond to those of 
the body of air contained in the apparatus behind it. With a fluid of 
great mobility like ether, tubes of very small calibre can be used. A 
barometer tube is well adapted for the purpose. A thermometer tube 
might be employed in certain cases. 

The method that I have employed in registering the movements of 
this liquid piston is as follows: The glass tube is placed in a horizontal 
position before a slit in a dark room. Behind the slit is an arrange- 
ment with which the slit can be brightly illuminated with sun-light 
reflected from a mirror. In front of the tube is a diaphragm with 
a horizontal opening to intercept the rays of light passing through the | 
marginal portions of the tube. The light passing through the drop of 
liquid is strongly refracted and is brought to a focus a slight distance in 
front of the tube. By means of a photographic lens placed in front of 
the tube an enlarged image of the brightly illuminated piston is brought 
to a focus on any vertical plane behind the lens. The image may be 
greatly magnified in this way. The image is focused upon a diaphragm 
having a narrow horizontal ‘slit, behind which a sensitive photographic 
plate or strip of negative paper is moved by clock-work in a vertical 
plane. Very slight movements of the piston can be enormously magni- 
fied with this apparatus, and the delicacy and accuracy of this method © 
far transcends any other with which I am acquainted. 

The tube containing the drop of ether, or other liquid, is connected 
with the other apparatus employed in the same way as a Marey drum or 
other form of recording apparatus adopted for air transmission. The 
fluid used should vary with the calibre of the tube; for one of very 


1 Vol, v1. p. 444, Plethysmographic and Vaso-motor Experiments with Frogs. 
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small calibre, like a barometer or thermometer tube, ether is one of the 
best ; for larger tubes alcohol or water can be used. 

The sensibility of this method of recording is so great that it would, 
naturally, only be employed in experiments of great refinement; but in 
investigations requiring great accuracy and delicacy it promises to be of 
the greatest service. The ether piston is moved by causes that would 
have no appreciable effect on the lever of the most delicate Marey drum. 
Owing to the very small calibre of the tube the excursions of the piston 
become relatively very great, and these movements can be further mag- 
nified to any desired extent by means of the projecting apparatus. The 
record is made without friction, and is not deformed by the movements 
of a lever swinging in an are of a circle. The size of the record 
obtained is only limited by convenience and the size of the photographic 
plate. I have obtained plethysmographic pulse-curves of a frog’s leg 
two and a half inches in height, and pulse-curves from the finger of 
man of greater extent. The pulse records obtained from man shew 
many interesting details. We hope to publish specimens of these 
records in another paper treating of the form of the pulse-curve and the 
influences that affect it. 

The apparatus described, or a modification of it, can be usefully 
employed for class demonstrations. The greatly enlarged image of the 

moving fluid-piston can be projected upon a screen, and its movements 
shown to a large audience. 

The apparatus can also be employed as a differential recorder, as in 
registering the changes in velocity of a liquid. It can be employed for 
the same purpose as the “ photohaimotachometer” of Cybulski’, and 
possesses the great advantage of exhibiting the changes of velocity by 
means of a single record. Very slight changes in velocity can be greatly 
magnified by it. When used for this purpose the two ends of the 
barometer tube are to be connected with two lateral tubes connected at 
right angles with the tube through which the fluid is flowing, the 
changes in the velocity of which it is desired to register. When the 
apparatus is arranged in this manner, care being taken that the joints 
are all air-tight, the liquid-piston moves in the direction of the least 


resistance, and its excursions correspond to the varying velocity of the 
liquid. With a small-sized tube and the aid of the projection apparatus 
extremely slight changes in velocity become very manifest. 


1 For a description of Cybulski’s apparatus, see Pfliiger’s Archiv, Vol. xxxvn. 
p. 382. 
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THE STUDY OF NERVE-MUSCULAR MOVEMENTS; 
APPARATUS FOR THEIR AUTOMATIC ENUMERA- 
TION. By FRANCIS WARNER, MD. (Pl XI. Fig. 4) 


. THE movements of visible parts of the human body are produced by 
the action of muscles, and these are stimulated by the nerve-centres 
‘ corresponding; the number and times of the movements indicate the 
number and times of the actions of the corresponding nerve-centres. 

An action in man, say seizing an orange, is a series of movements, 
and indicates a series of discharges from the corresponding nerve-centres, 
If we study n different movements in the body, or the time of action of 
n different nerve-centres, they may be grouped in (2"—1) different 
combinations. The largest group includes n centres, while one may act 
alone as the minimum of action. | 

From clinical observation it appears that the occurrence of small 
combinations of movements is, in many cases, of different signification 
from the large combinations. Certain combinations probably do not 
often occur in normal and healthy people. Such observations, however, 
can hardly be trustworthy unless they be recorded by apparatus. 

The hand appeared to be a part of the body most convenient for 
observation; its movements are considered to be very indicative of the 
action of the mind. A motor gauntlet was constructed’, with air tubes 
so arranged that the bending of a tube by the movement of a finger 
sends a puff of air to the recording apparatus. Tracings of movements 
of the hand, and fingers, were thus obtained. The question remained, 
how to analyse these tracings. A single line corresponding to a single 
movement, indicates the time of that movement, but does not directly 
indicate its quantity. Lines traced by synchronous movements indicated 
the combinations of movements, and this appeared to be the most 
valuable information obtainable. 

It is very laborious and difficult to make out, from tracings, the 
special combinations of movements that have occurred at successive 


1 See This Journal, Vol. rv. No, 2. 
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periods of time, and to determine how frequently any special combina- 
tion has occurred in a given period of time. It became necessary to 
devise apparatus which would automatically enumerate the movements, 
and their combinations. | 

Taking as an example the synchronous movements of the five digits — 
we have (2°—1) =31 possible combinations A, B, C, D, FE, AB, AC, AD, 
AE, BC, BD, BE, CD, CE, DE, ABC, ABD, ABE, ACB, ACE, BCD, 
BCE, BDE, CDE, ABCD, ACDE, ABCE, ABDE, BCDE, ABCDE. 
Each combination must be enumerated on its own counter. To effect 
such enumeration automatically, an arrangement, of electric counters, 
was made. Results were obtained in a few cases from the hands of 
normal persons, and from a few cases of chorea, but the electrical contacts 
gave much trouble in practice. 

To avoid the trouble attending the use of electric meen I resorted 
to pneumatic means of enumerating. 

The pneumatic counter consists of a clock, the pendulum being 
linked to an air bag fixed in the case so that when this air bag is 
distended, it moves the pendulum, and thus allows the escapement 
of the clock to pass one tooth; the hands on the dial indicate the 
number of puffs of air that have passed to the bag. The small force of 
the puffs of air, obtained from the hand motors, prevented their direct 
use in the counters, especially in counting combinations, so that it 
became necessary to employ some means of strengthening this small 
force. For this purpose, 1 now use compressed air to be relayed, or 
directed, into the various counters by the puffs of air from the hand 
motors. This relaying of compressed air, as force to the counters, is 
effected by means of clockwork-valves, actuated by the hand motors. 

The clockwork-valve is made of small clock movements; the 
pendulum and pallets are removed, and instead of the ordinary escape 
wheel, a perforated disc is substituted having teeth on its edge. The 
serial teeth engage into pallets upon a balanced arm A.F (Plate XI. 
Fig. 4) which is raised and lowered by means of a piston P working in 
a glass cylinder lubricated by some fluid, watch-oil, water, or spirit. 
The movements of the piston are directly produced by the air puffs 
from the hand motors. 

On each side of the moving disc two similar sized discs are fixed, 
having five tubes fixed in them at equal distances. The moving disc is 
perforated with holes, corresponding with the tubes, so that on the 
' release of one tooth, the holes in the disc come opposite the tubes, and 
admit the air to pass, and on the release of another tooth the solid 
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portion of the disc is brought between the tubes, hed thus closes the 


passage for the air from the bellows to the counters. , 

To count single movements of the fingers the air is allowed to pass 
through only one valve, and direct to the counter, but to count combined 
movements of the finger tubes the air has to pass through each of the 
valves, corresponding to the moving fingers, before it enters the counter 
corresponding to that special combination. 

Five valves are employed, one corresponding to each finger, while 31 
counters enumerate the possible combinations of finger movements. 

The pressure of air is obtained by means of a bellows arrangement, 
similar to that used in harmoniums, where the air is forced into a 
wind chest by a feeder worked by the foot, the air being communicated 


to the valves by a flexible tube. The apparatus was made for me by 


Mr W. Groves, of 89, Bolsover Street, Portland Road, W. 
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ON THE BLOOD PROTEIDS OF CERTAIN LOWER 
‘VERTEBRATA. By W. D. HALLIBURTON, MD. 
B.Sec., Assistant Professor of Physiology, University College, 
London. 


(From the Physiological Laboratory, University College, London.) 


SINCE the publication of my paper on the proteids of serum’, I have 
continued my observations on serum, dealing with the blood of certain 
of the lower vertebrata’. 

The heat coagulation temperatures were carried out by the same 
method and under the same conditions as detailed in my former paper, 
and the following table represents the average temperatures of coagu- 
lation from five or six determinations in each case. In small animals it 
was necessary to mix the blood of many specimens in order to obtain a 
quantity sufficient to work with. 

On looking at the following table one sees, first, that the tem- 
peratures of coagulation of the two globulins of the plasma (fibrinogen 
and serum globulin) are very constant in all the types of the different 
classes of the vertebrate kingdom: secondly, that in the case of the 
serum albumin variations occur. In cold blooded animals, with one 
exception, the eel, one cannot differentiate the serum albumin into 
more than one proteid, and as a rule it coagulates from 72°—4°C.: but 
in birds, the serum albumin resembles that of other warm blooded 
vertebrates or mammals in that it can be divided into three proteids, 
which I have before named serum albumin a, 8, and y: the tem-_ 
peratures at which these are coagulated are almost identical with 
those obtained from the examination of mammalian blood serum. 


1 This Journal, Vol. v. p. 152. 

2 For assistance towards the expenses involved in this research I am indebted as 
before to a grant from the British Medical Association. For the particulars relating 
to the blood of the frog I am indebted to my friend Mr W. P. May, B.Sc. 
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I. 
Heat coagulation temperature of 
Serum 
Fibrinogen. | siobulin Serum albumin. 

a. B 
Rana temporaria 56°C. | 75°O. | 73°C 
Rana esculenta 56° 75° 73° 
Toad 56° 75° 75° 
Newt 56° 75° 73° 
Salamander 56° 76° 72° 
Tortoise (common) 56° 75° | 
Tortoise—pericardial fluid’) 56° 75° 73-4° 
Water tortoise 56°. | 74—6° | 73° 
Hatteria * 56° 76° 72-4° 
Dogfish* 56° 75° 74-80° 
fluid 75° 73° 

56° 75° 72° 

56° 74—5° | 73° 
Roach 56° 74-59 | 73° 
Gudgeon 56° 75° 73° 
Dace : 56° 75° 73° | 
Pigeon 56° 5 70° 7 85 
Dove 56° 75° 73° 77° 85° 


Some observations by W. H. Howell‘ on the blood of the slider 
terrapin agree very closely with the above. He found in this animal 
that the fibrinogen coagulated at 56°—60°’C., the serum globulin at 
'70°—75° C., the serum albumin at 77°—80°. In some cases he obtained 
evidences of small quantities of a second globulin in,the serum coagu- 
lating at 75°—80° Such a substance I have not met with in my 
experiments, In performing these experiments of heat coagulation one 
could not help being struck that the quantity of serum albumin in the 
serum of cold blooded animals was exceedingly small in proportion to 
the amount of serum globulin. I therefore made some quantitative 
analyses in order to determine this point accurately. Here again 


1 The pericardial fluid which is very abundant in these animals did not clot spon- 7 


taneously, but did so on the addition of blood serum, 

2 I was only able to obtain the blood from one specimen of Hatteria: for this I am ~ 
indebted to my friend Prof. Bourne. 

3 The small quantity of serum albumin in the serum of the dogfish renders it difficult 
to determine the temperature of coagulation with accuracy. 

* Studies from the Biological Laboratory, John Hopkins University. Vol. ut. p. 49. 
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_Howell’s observations on the blood of the slider terrapin coincide with 
mine, and I give the averages obtained from his figures in the following 
table with my own. 

The total proteids were estimated by the method of precipitation 
with alcohol’, The serum globulin was estimated by Hammarsten’s’ 
magnesium sulphate method in another portion ; the quantity of serum 
albumin was taken as the difference of these two figures. 

Where small animals were concerned it was necessary to use the 
serum obtained from the blood of many specimens. The numbers in 


the following table are the averages obtained from several experiments 
in each case. 


TaBiE II. 
Proteids in the blood-serum. 
Animal. 
Total proteids °/,.| Serum globulin. | Serum albumin. 

Rana esculenta 2°54 2°18 0:36 
Toad 3°22 1°82 1°40 
Newt 3°74 3°31 0°43 
Salamander 2:13 1:07 106 
Tortoise 4-76 2°82 1°94 
Lizard 5°16 3°33 1°83 
Slider terrapin® | 4°66 0°69 
1°62 117 0°45 
Eel 6°73 5°28 1°45 
Pigeon 5:01 1°32 3°69 
Hen 4°14 2°90 1°24 


Before comparing the results seen in the above table it will be 
useful to contrast with it the numbers obtained by Hammarsten’® in 
experiments similarly performed with the blood of mammalian animals. 

Hammarsten’s table is as follows :— 


Serum from | Total proteids °/,.| Serum globulin. | Serum albumin. 


Horse 7°25 «456 2°67 
Ox 7°50 4:17 3°33 
Man 7°62 3°10 4°52 
Rabbit 1:78 4°43 


1 See Gamgee’s Physiol. Chem., p. 188. 


3 These numbers are kien from W. H. Howell’s paper before alluded to. 

4 It is possible that in the case of the dogfish a small amount of the pleuroperitoneal 
fluid got mixed with the blood. 

5 **Ueber das Paraglobulin.” Pfliiger’s Archiv, 1878. 
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So far as conclusions can be drawn from these somewhat limited 
tables, one sees that in warm blooded animals the total quantity of 
proteids in the serum is greater than in cold blooded animals; that the 
proportion of serum albumin and serum globulin is variable, but that as 
a rule the amounts of thé two proteids are either approximately the same, 
or that the serum albumin is greater in amount than the serum 
globulin (whereas in cold blooded animals the serum globulin is 
without exception more abundant than the serum albumin), and that 
in many cases the amount of serum albumin is exceedingly small. 


Bearing on this question the researches of. Howell on the blood 


_ of the slider terrapin have been already alluded to. Tiegel’* has made 
observations on the blood of snakes: he obtained the very remarkable 
result that in starved snakes no serum albumin is present in the blood, 
while it is present in those animals which had food in their stomachs. 
The method he used to precipitate the serum globulin was to pass a 
stream of carbonic anhydride through the diluted serum; this is a 
method which is now believed to precipitate serum globulin only 
partially; it is therefore difficult to understand how no coagulable 
proteid was present after the precipitate caused by the carbonic anhy- 
dride was filtered off. Howell found in the slider terrapin that feeding 
increases but slightly, if at all, the quantity of serum albumin in the 
blood. Contradictory results have been obtained from the researches 
bearing on this point in dogs by Burckhardt’ and Salvioli’, the 
former finding that starvation did, the latter that it did not diminish 
the proportionate amount of serum albumin in the blood. As Howell 
and Salvioli used the only trustworthy method of estimating serum 
globulin and albumin, namely Hammarsten’s, while Tiegel and 
Burckhardt did not, it is probable that the results obtained by the 
first-named observers is more reliable than that of the two last named. 
I have not myself made any experiments on this question of the 

influence of starvation on the composition of the blood, nor have I had 
any opportunity of examining the blood of snakes. My friend Dr 
Wolfenden has however examined the blood of numerous snakes, and 
he has been good enough to allow me here to state that in them the 

1 Pfliiger’s Archiv, xxi. p. 278. In addition to his observations alluded to in the 
text, Tiegel found that sometimes the blood of certain snakes did not clot for many 
hours. I have never observed such a delay in the clotting of the blood I have examined. 
Coagulation always began within a few minutes. The resulting clot was however very 
small and shrunk greatly in fish and amphibian blood. 

2 Arch. f, exper. Pathol. u. Pharmacol. xv1. 322. 

8 Arch, f. (Anat. u.) Physiol. 1881. 269. 
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serum albumin follows what seems to be the rule in cold-blooded 
animals, viz. it is proportionately very much smaller in amount than 
the serum globulin; in the serum of Tripidonotus natrix the numbers 
obtained were as follows: total proteids °/, 532; serum globulin 495 
and serum albumin 0°37. 

The general conclusions that can be drawn from the foregoing 
experiments are as follows :— 

1. That the proteids in the blood of birds resemble very closely 
those of mammals, 

2. That the proteids in the blood serum of cold-blooded animals 
_ differ from those in warm-blooded animals in the are three 
particulars : 

(a) The percentage of total proteids is smaller. 

(6) The serum albumin is especially diminished, not only abso- 
lutely, but relatively to the serum globulin present. 

(c) The serum albumin seems to be a single proteid in cold- 
blooded animals, and cannot be differentiated into three by a 
heat coagulation as in birds and mammals, 

3. In all the vertebrates examined the temperature of coagulation 
of fibrinogen and serum globulin is approximately the same. 


PH, VI. 24 
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NOTE ON THE COLOURING MATTER OF THE SERUM 
OF CERTAIN BIRDS. By W. D. HALLIBURTON, MD, 
BSc. (Plate XIL) 


(From the Physiological Laboratory, University College, London.) 


WHEN examining the proteids in the blood of certain birds, viz. the hen, 
pigeon and dove, an account of which is given in the preceding paper, it 
was noted that the blood serum of these animals was of an orange 
red colour. This colouring matter was carried down with the proteids 
when they were precipitated as a heat coagulum, and extracted from 
this precipitate by means of alcohol or ether, the extract being of a 
yellowish green colour. An abundant supply of this same pigment was 
also obtained dissolved m the alcohol used to precipitate the proteids of 
the serum; the alcohol was driven off by heat, and the pigment 
separated from the watery fluid left after the evaporation of the alcohol 
in orange coloured oily drops. The properties of this pigment were 
then examined. 

Several pigments have been described in the serum of different 
animals by various observers; thus Hammarsten’, Mac Munn’ and 
others have described biliary pigments in the serum of mammals, and 
Krukenberg’ has recently described a lipochrome in the blood serum 
of the ox which can be extracted therefrom by amyl alcohol and which 
has two absorption bands, one situated about the F’line, the other half 
way between the F and @ lines. 

The pigment which I have found in the serum of these birds is 
certainly a lipochrome; it however differs from that described by 
Krukenberg in that it can be extracted from the serum by ordinary 
vinic alcohol, and in showing only one absorption band. It does not 
give Gmelin’s test for the biliary colouring matter. The following are 
its properties :— 

1 Maly’s Jahresbericht. 1878. 129. 


2 Proc. Royal Society. 1881. p. 231. 
* Sitzungsb. der Jenaischen Gesellsch, f. Med. 1885. 
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. Spectroscopic examination of the alcoholic or ethereal solution gives the 
following results. A strong solution cuts off a small amount of the red end-of 
the spectrum, and a large amount of the violet end, viz. up to line # (see 
Pl. XII., spectrum 2), A more dilute solution shews less cutting off of both 


ends of the spectrum ; there is a well-marked band through the centre of | 


which the line / runs; it reaches approximately from 475 to 4500; the 
portion of the spectrum between this band and the part of the violet end 
which is quite dark, is shaded (spectrum 3); in a more dilute solution still 
the band persists as a faint shading (spectrum 4). . 

Krukenberg’s diagram of the absorption spectrum of the lipochrome of 
ox serum is figured for the sake of comparison (spectrum 5). 

2. Solubilities. It is readily soluble in ethylic alcohol, petroleum-ether, 
bisulphide of carbon, chloroform, benzole and ether ; slightly soluble in olive 
oil; insoluble in turpentine. The solutions so formed have all a yellow 
colour. 

3. Colowr reactions. Fuming nitric acid causes it to assume moment- 
arily a greenish tinge. Sulphuric acid and iodine separately give no reaction; 
but together produce a well-marked violet colour. 

4. Other reactions. Exposed to bright summer sunshine, solutions be- 
come rapidly very faint in colour; while solutions kept in the dark retain 
their colour for months. 

It may be dried over sulphuric acid in vacuo or in the presence of air 
without undergoing any change in appearance: it remains as yellowish semi- 
fluid flakes, if the desiccator be kept in the dark ; but if the desiccator be 
placed in the sunshine some amount of bleaching occurs. 

The passage of a stream of oxygen or of carbonic anhydride through, or the 
addition of hydrogen peroxide to solutions of the pigment cause no change. 

Boiling a solution of the pigment causes no change in it. 


The blood serum of the tortoise contains a pigment with exactly the 
same properties. 

The alcoholit“extract of the serum of the other animals which I 
have examined was colourless, except in the toad and lizard, where 
it became of a very faint yellow tinge. 

Dr Mac Munn at a meeting of the Physiological Society (Feb. 1886) 
- mentioned, when describing one of the methods of preparing myohae- 
matin, that ether extracted from the breast muscles of the pigeon 
a yellow lipochrome. When repeating some of Mac Munn’s experi- 
ments, I made some observations on this yellow ethereal extract, and 
found that the pigment it contained was identical with the lipochrome 
obtained from the blood of the same animal. I was careful to guard 
against any blood being left in the muscles, by first washing it out with 
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a stream of salt solution; this is easily done by opening the animal 
from behind and placing the cannula in the aorta where it leaves 
the heart. 
The limb muscles of the pigeon yield the same pigment to ether. 
The breast and wing muscles of the hen contain no such pigment, 
but those of the lower limb do. It is also absent from the muscles 
of the tortoise, ox, cat, rabbit, and frog. 
_ I then found that the fat of the hen, pigeon and tortoise contained 
this same pigment. Microscopic examination of the muscles used in 


- the above experiments shewed that in the muscles of the pigeon and of 


the lower limbs of the hen, a considerable amount of adipose tissue is 
situated between the muscular fibres; in some cases also fat globules | 
seemed to be present under the saeiclemmi. In the muscles of the 
other animals mentioned no such admixture of muscular tissue with fat 
occurs. 

It thus seems allowable to draw the following conclusions :— 

1. The blood serum of the pigeon, hen, dove and tortoise contains 
a yellow lipochrome (serum lutein), which can be most readily extracted 
from the serum by ethylic alcohol. 

2. This is identical with the colouring matter of the fat of these 
same animals. 

3. Its presence in the muscles of the pigeon and in the muscles of 
the lower limbs of the hen is due to there being a large amount of fat 
mixed with the muscular fibres in those situations. 


EXPLANATION OF PLATE XII. 


Solar spectrum. 
Lipochrome of pigeon’s serum ; strong alcoholic solution. 
The same ; weaker solution. 
The same ; still weaker solution. 
5. Krukenberg’s diagram of the absorption spectrum of the oo 
of ox serum, 
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ON THE NATURE AND ACTION OF THE VENOM OF 
POISONOUS SNAKES. 


I. THE VENOM OF THE INDIAN Copra (Nasa TRIPUDIANS). 
R. NORRIS WOLFENDEN, B.A. MD. Cantab, F.CS. 


(From the Physiological Laboratory, University College, London’.) 


Introductory. 


Many of the hitherto known facts concerning cobra venom suggest, at 
least, the possibility of its toxicity being partially or wholly due to one 
or more proteid principles. 

There is, however, the possibility of its dependence upon some 
alkaloidal body or bodies, a view which has been taken by some 
experimenters. In the Report of the last Snake Commission*—an 
exceedingly valuable and instructive report—Mr Pedler sums up the 
results of his chemical examination into the nature of the poison thus: 
“It is quite impossible to draw any deductions as to the nature of the 
poison. It is more than possible that the poison is a mixture of — 
albuminous principles with some specific poison.” Sir Joseph Fayrer 
and Dr Lauder Brunton compared the action of cobra poison to 
the alkaloid conia®. It is not surprising that the albuminous con- 
stituents of cobra venom should have escaped examination for so long, 
and that attention should have been more directed to other possibly — 
poisonous principles. Blyth, in a paper to which I shall refer further 
on, distinctly claims to have separated from cobra poison an extremely 
toxic body, which is not an albumin. Bearing on the question of the 
nature of this poison, I may quote the following from the Indian Snake 
Report: “Coagulation of the venom by alcohol does not destroy its 
activity, as we have shewn in our former communication. The 
coagulum thrown down by the alcohol is innocuous, or nearly so; but 
the poisonous principle remains in solution, and the alcoholic extract 

1 An abstract of this paper was read before the Royal Society, Dec. 17, 1885. 
2 Report of Commission on Indian and Australian Snake Poisoning. Calcutta, 1874. 
_ 8 Same report, p. 71, in course of a very valuable paper by these gentlemen in the 
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possesses similar properties to the poison itself. A specimen of poison 
was received from India in a coagulated state; but we are uncertain 
whether this occurred spontaneously or was produced by the action of 
reagents” (it was mixed with alcohol before being sent)—‘it was 
active’”. The toxic effect of this solution was however due to the 
incomplete coagulation of the albumins by the alcohol; a fact which — 
Wall’s experiments prove*. “If toa solution of cobra poison absolute 
alcohol be added, a white precipitate is thrown down. After the 
precipitate has been thoroughly washed with alcohol it can be 
redissolved in water, and the solution produces all the effects of cobra 
poison.” | 

If dried cobra poison in a state of fine powder be added to absolute 
alcohol, and the mixture be frequently agitated, the alcohol will derive 
‘no poisonous property from the cobra poison. If, however, instead of 
absolute alcohol, rectified spirit be employed, the water in the rectified 
spirit is capable of taking up a certain amount of the poison. So if 
absolute alcohol be added to liquid cobra poison as it comes from the 
snake a precipitate will fall which is poisonous; but the supernatant 
fluid is also poisonous from some of the active agent being held in 
_ solution by the natural fluid of the venom. 

That this is so, can be proved by evaporating this clear supernatant 
fluid to a small bulk, when a further addition of absolute alcohol will 
produce a further precipitate of the poisonous agent. In other words, 
the active agent of cobra poison is precipitated by, and is totally 
insoluble in, absolute alcohol; but mixtures of alcohol and water are 
capable of dissolving a certain amount of the poison in proportion to 
the quantity of water present. 

This is precisely what we should expect of an albuminous fluid, and 
is of itself a strong argument in favour of the proteid nature of cobra 
venom. | 

Of the earlier literature of snake poisons I do not propose to speak. 
Anyone interested in this will find an exhaustive and very interesting 
paper embodied in the report, and written by my friend Dr Vincent 
Richards, a member of the last Snake Commission. The extremely 
valuable labours of Sir Joseph Fayrer and Dr Lauder Brunton 
have scarcely dealt with the chemico-physiological side of the question. 

Drs Weir Mitchell and Reichert in America, working chiefly 
-with the venoms of American snakes, Crotalus adamanteus, Toxicophis 


1 Indian Snake Commission Report, Calcutta, 1874, p. 67. 
2 Indian Snake Poisons, p. 131. 
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piscidorus (the Mocassin), and Agkistrodon contortrix (the Copper-head), 
have made a preliminary report of a very interesting nature. They find 
that Crotalus venom is destroyed at 80°C.—except in Crotalus durissus 
—and that this venom attacks the heart first, and lowers blood pressure 
very considerably, and also causes often “mortal enfeeblement” of the 
respiratory centres; preventing coagulation of the blood and causing 
local hemorrhages. From Crotalus and the Mocassin they obtain three 
proteids. One is not coagulated at 100°C. and is obtained by boiling 
and filtration, or by dialysis. These characters indicate, according to 
them, that it is a peptone, “of-which it presents all the reactions.” 
They further state that three of these reactions distinguish it from all | 
hitherto known peptones. They are 

1, The precipitate obtained by very dilute acetic acid, is iedinsclved 
in excess of the acid. } 

2. The precipitate obtained by NaCl, redissolves on adding glacial 
acetic acid. 

3. The precipitate formed on adding Liquor Potassa, rediasolves on 
adding HNO’, forming a yellow liquid, decolorising on further adding 
acid, 

This substance dried (from the Mocassin) at a little below 100°C. is 
made completely insoluble in water. The peptone of Crotalus, obtained 


by dialysis and dried at 40°C. redissolves entirely in distilled H°O, and 


preserves its toxicity and reactions. 

It is impossible not to think that these observers have been dealing 
with some body or bodies of the Albumose group. No peptone can 
possess these characters, and it is no evidence of peptone that it will 
dialyse, since Albumoses possess this property. I have met with a trace 
of a body, which being precipitated by HNO* in the cold, and dissolving 
again on heating (a process which could be repeated many times) in a 
solution of cobra venom, suggested an Albumose in this venom. 

These authors also speak of a globulin in Mocassin venom, which is 
dissolved by boiling instead of being coagulated, and which is soluble 
only in concentrated acids or alkalies, 

This body cannot possibly be a globulin, since it is contrary to the 
nature of such a body to be dissolved on heating. Albumoses, like 
peptone, and acid or alkali albumins, are left in solution, after boiling, 


_. and removal of the coagulable proteids, and it is probable that these 


observers have been dealing not with globulin or peptone at all, but 
with some body or bodies intermediate between true albumins and 
peptones. 
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The essentially interesting and important conclusion to be derived 
from. their work is, that the venom is resident in the proteid con- 
stituents. The fact stated by Weir Mitchell and Reichert, that 
the poisons of the Rattlesnake, Copper-head and Mocassin are destroyed 
by Bromine, Iodine and Hydrobromic-Acid (33°/,), is explained by the 
fact that albumins are completely precipitated and coagulated by these 


bodies’, and lends one more proof to the theory that those venoms 


aré proteid in their nature, The first chemical examination of snake 
venom of any particular value was made in 1843 by Prince L. 
Bonaparte. He investigated the virus of Pelias berus, an adder, and 
found that the essential poison was resident in the coagulum obtained 
by alcohol. The alcoholic precipitate, freed from alcohol, fat and salts 
(by ether and acidulated water), and finally dissolved in water and dried 
down to a solid residue, formed the body which he named Echidnin or 
Viperine*. Though it has been impossible for me to get a reference 
to this paper except at second hand, I believe however that Prince 
Bonaparte considered this poisonous principle to be alkaloidal. Weir 
Mitchell in 1861 working with rattlesnake venom obtained an “albumi- 
noid body, ” coagulated by heat, and from the filtrate an “albuminoid 
body,” which he named Crotalin, and which he obtained by sia the 
filtrate from the boiled venom, by alcohol. 

‘Dr Armstrong in 1873 made the following analysis of cobra 


poison’. 


: Alcohol | Alcohol Albumin 
nee penser precip. | extract. for comparison. 
(Ralfe) 
Carbon 43°56......... 45°76 | 43°04 53°5 53°5 
Nitrogen 40°30 ...... 14:30 | 12°45 15°7 
Hydrogen ............ 6°60 70 71 70 


1T find that chlorine gas, purified by passing through a wash bottle, or aqueous 
bromine, completely and rapidly precipitates all albumins from solution. Iodine does the 
same but less readily. Hydrobromic acid also precipitates proteids. I have employed 
chlorine and bromine to estimate proteids quantitatively and sed it is quite as accurate as 
the alcohol and boiling methods. . 

* Quoted from paper by Sir Joseph Fayrer in Proc. Med. Society of London, a paper 
of great interest (1884, pp. 156—180). In the proceedings of the same society for 1884 
vol. vi. is algg an interesting and important paper by G. Baddaloni on viper poison. 

3 Indian Snake Commission Report, p. 42. 
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Mr Pedler' estimated the carbon at 52°87°/, Hydrogen 7:1°/,, and 
Nitrogen 17:58°/, The liquid poison contained 27°74°/, of solid matter, and 
the ash amounted to 6°68°/,. 

Mr Pedler’s analysis made the venom more like albumin than 
Dr Armstrong’s, and the explanation is probably, as suggested in the 
Report, due to the fact that the poison analysed by Mr Pedler was 
-fresh, while that examined by Dr Armstrong was “vy decom- 
posing®. 

Though these earlier stibinbehes upon the venom strongly suggest it 
to be proteid, it cannot be said to be proven. It is still open to suggest 
that the toxicity may be due to germ origin, to the presence of an 
alkaloid or some other non-albuminous principle (cf. Blyth’s ‘Cobric 
Acid’). With regard to germs, Wall* has very pertinently spoken 
against this idea, and certainly the symptoms of cobra poisoning 
from their very intensity and suddenness negative such a view. The 
explanation of viper poisoning offered by Dr John de Lacerda‘, that 
it was due to organised ferments in the saliva analogous to bacteria, 
was not supported, and was afterwards abandoned by him in favour of 
a remarkable theory, that the venom was a digestive juice analogous 
to pancreatic juice, with an extremely powerful action upon albumins, 
and upon this theory he founded his antidotal treatment of injecting 
permanganate of potash, explaining the action of this substance as due 
to its power of giving off oxygen in contact with albumins, this 
gas attacking and destroying the ‘ferment.’ It has since been proved 
that permanganate of potash is no antidote to snake poisoning, though 
it will undoubtedly destroy the venom when mixed with it outside the 
body. This action is entirely due to the power of the potash salt-to 
oxidise the proteids into one or more acids (oxyprotosulphonic acid and 
other nearly related acids—Briicke, Maly)’. 

The action of permanganate of potash upon snake venom is one 
more proof of its albuminous nature. 

I thought it desirable to consider the possible germ origin of 
cobra venom, since the slow poisoning of certain snakes’ venom (Bun- 
garus, Daboia sometimes, &c.) might give some colour to the view. 
Accordingly, Dr Dawson Williams having some tubes of gelatine 


_* handy for inoculation with anthrax, we endeavoured to grow cobra 


1 Indian Snake Commission Report, p. 44. 2 Ibid. 
_ 3 Indian Snake Poisons. 

4 Lacerda. Compt. Rend. 1880. 

5 See Maly, Monatsh. Chem, 6. 107—156. 
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venom in gelatine, but without the slightest success. As said before, 
the evidence is altogether against bacterial origin of the venom, and — 
altogether in favour of its proteid nature. It is necessary, however, to 
consider other possibilities as to the nature of the venom, and the next. 
question which suggested itself was whether it might — be due to 
an alkaloid or poisonous acid. | 


PART I. 


Is there any toxic principle in Cobra Venom other than 
| of a proteid nature? 


1. 


Cobra venom is generally acid in reaction, but sometimes neutral. 
It may become alkaline from decomposition and yet retain some degree 
of toxicity. The degree of acidity varies much. Some specimens I have 
examined were quite natural. Older observers, Fontana, Russell 
and Schlegel attached much importance to this point, describing it as 
neutral; others contended with warmth that it was acid (Mead, 
James, Cantor, Laidlaw, Haslam). The fact is that fresh poison is 
acid, but on keeping a few hours it may become neutral’. At first I did 
not use the delicate glazed papers prepared by Townsend and Mercer, 


latterly with these I have always found a solution of the dried venom 


to be acid. The dialysates of these venom solutions are also acid, 
though in many cases it is extremely faint. The nature of this acid 
derives some considerable importance from the fact that Winter 


- Blyth described in the Analyst’, an acid. product which he called 


‘cobric acid’, and stated to be the sole active principle, and of which 
one-fifth of a grain would be fatal to man, thus rivalling aconitia in its 
destructive powers’. 

This acid he claimed to have obtained in microscopic needles, 
dissolving in water with an acid reaction. These needles as figured 
by him are of somewhat remarkable form, being of a size and shape ~ 
that could scarcely be mistaken for anything else. __ 

His methods of preparing cobric acid were (i) By precipitating 
cobra poison with absolute alcohol to coagulate albumin, filtering, 

1 Snake Commission Report, p. 54. ? 

2 Winter Blyth. The Analyst, vol. 1. p. 206. 


In a paper following this I deal with the question of ‘‘Cobric Acid” more fully. I 
think it better to leave this as it was originally written in 1885. 
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driving off the alcohol by heat, precipitating by basic lead acetate, 
washing the precipitate, decomposing by H*S, removing the sulphide, 
evaporating down at a gentle heat and finishing in vacuo. (ii) By 
coagulating and separating the albumin as before, shaking up with 
ether, removing the ether, evaporating it off, dissolving in water, 
passing through a wet filter to remove fat, and finally evaporating 
down. 

The dialysates of cobra poison are said i Blyth to be acid and 
poisonous. This paper of Blyth’s on cobra poison has remained 
unnoticed by recent writers on this subject except Drs Warden and 
Waddell. These authors in their monograph on Abrus poison’ say, 
“Dr Weir Mitchell, the latest exponent of snake poison, is apparently 
unaware of this fact, that at least one variety of snake poison, viz. 
cobra venom, has been shewn to contain an intensely active crystalline 
principle which is not of an albuminous nature. When this fact 
is recognised, it will be evident that the method adopted by Weir 
Mitchell’ is insufficient to remove all this poison from the dialyser, so 
that this venom globulin and albumin, as well as the venom peptone, 
must have been contaminated with this poison. The first thing to do 
is to separate out this active non-albuminous constituent”, &c. I have 
devoted some time to the examination of Winter Bly th’s experiments 
and have performed a number of experiments in the — to 
isolate a ‘cobric acid.’ These I will describe as follows: 


Experiment I. An alcoholic extract was made of cobra venom by the 
addition of absolute alcohol to a watery solution of the dried poison. After | 
filtering, the filtrate was evaporated down at gentle heat and examined for 
the crystals described by Blyth, but without success. : 

Experiment II. A dialysate from cobra globulin, which had been pre- 
cipitated by saturation with MgSO*, was first evaporated down, and examined 
for the crystals unsuccessfully. It was then treated sccording to the first — 
process described by Blyth, but besides being non-toxic was devoid of the 
special crystals. 

Experiment III. A dialysate from untreated cobra poison was treated 
according to the first method, but yielded no special crystals. Though when 
taken up with H’O it was very faintly acid (? Pb), it was non-toxic. 

Exrertment IV. Another dialysate treated the same way exhibited the 
same characters. 


_ 1 The non-bacillary nature of Abrus poison. Warden and Waddell. Calcutta, 1883. 
2 Weir Mitchell and Reichert dialyse their snake venoms, in order to get the 
globulins precipitated in the dialyser, which they afterwards separate by filtration. 
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_ Experment V. Another dialysate treated according to the second de- 
scribed process (taken up with ether) yielded no crystals of cobric acid, and 
was moreover non-toxic. | 


Now if ‘cobric acid’ is crystalline it should surely dialyse, but in 
nore of these dialysates, even though treated according to Blyth’s 
methods, could I find any body resembling ‘cobric acid.’ It is true that 
dialysates are sometimes toxic, as I will shew further on, but this is only 
- the case so long as they contain more or less proteid. The methods 
adopted by Blyth are open to considerable objection. Alcoholic extracts 
of cobra venom are undoubtedly active, that is to say, extracts made 
with sttong spirit, or by adding absolute alcohol to watery solutions 
of the venom, which is of course no longer absolute alcohol. An 
alcoholic extract undoubtedly contains some proteid in solution. Time, | 
again, is an important factor in the coagulation of proteids by alcohol, 
a point to which Blyth does not allude in his experiments. The treat- 
ment by lead, again, is a very objectionable one, as besides introducing 
a poisonous metal, it is a dirty process, and one by which it is extremely 
difficult to remove all traces of proteid. The most conclusive evidence 
I can offer, to prove that ‘cobric acid’ is not the active toxic principle, 
_is that this property is resident in the proteid constituents of the venom. 
I am constrained to say therefore that I have met with no body of 

a toxic nature in cobra venom resembling ‘cobric acid.’ 


2. 


Another possibility suggests itself, viz. Is there any mony of an 
alkaloidal nature in cobra venom? 

Certain of the symptoms of cobra poisoning lend some colour to this 
suggestion. The resemblance of snake venom to conia has been spoken 
of by Fayrer and Brunton’. 

We are now familiar with a number of bodies of the alkaloidal class, 
derived from living and dead protoplasm*. Such bodies have been 
described as Ptomaines. Gautier indeed states that he had extracted 
two ptomaines from the venom of Naja Tripudians and Trigonocephalus. 
Dr Weir Mitchell states in the short preliminary report previously 
referred to’, that he had requested Professor Wolcott Gibbs to 

1 Proc. Royal Society. See also Snake Commission Report, p. 71. 

2 See paper by the author, ‘‘Ptomaines or Cadaveric Alkaloids.” Lancet, 1883. 
Brieger, ‘*‘ Ueber Ptomaine”, 1885. Weitere Untersuchungen iiber Ptomaine, 1885. 
Selmi, Ptomaine, 1881, &c. 

3’ Weir Mitchell. Preliminary Note. Lancet, 1883. 
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examine cobra poison for any body resembling a ptomaine, but this 
chemist had failed entirely to discover any such body in the venom. 


Experiment VI. I have made examinations of cobra venom by the 
Stas-Otto method for ptomaine or alkaloid in three different instances, but 
have not succeeded in finding the slightest trace of any such body. There is 
neither trace of fixed nor volatile alkaloid, the residues are non-crystalline and 
‘moreover non-toxic, and give none of the alkaloidal test-reactions. 


My experiments on this point fully bear out Prof. Wolcott Gibbs’ 
statement. Having thus cleared the ground so far as to prove that 
bacteria, cobric acid, or alkaloids had nothing to do with the toxicity 
of the venom, I turned to the proteids, and first made experiments with 
the object of determining whether the venom was toxic or not after the 
removal of these bodies. The first method which suggested itself was 
to dialyse a solution of the dried venom. By this means I thought that 
I should rid the fluid of all proteids, except peptone possibly—should it 
contain such. Another set of experiments was made by heating portions 
_ of the fluid venom. A third series was conducted by saturations; and 
finally I have endeavoured to remove all the proteids present by one of 
the many methods suggested for the purpose, but finally abandoned 
them for the one which I shall describe further on. __ 

When cobra poison dissolved in water is dialysed through parchment — 
membrane the fluid outside the dialyser becomes in a short time acid, 
and if this fluid is changed from time to time the acid character of the 
dialysates is maintained for a considerable time. The amount of acidity 
is not very great, and in some cases was only detected after concen- 
tration, and by using the delicate test papers before mentioned. The 
earlicr dialysates, viz. those for 3 or 4 hours, give no trace of proteid, 
but the occurrence of proteid in the outside fluid is in all cases recog- 
nisable after more prolonged dialysis, viz. for a day or more. 


Experiment VII. (i) 1 decigramme of cobra venom (dried) in 30 c.c. of 
5°/, NaCl was set to dialyse. It was slightly acid to start with, though the 
NaOl was neutral. The outside water previously neutral, became acid in an 
hour. The dialysate examined after one hour contained no trace of proteid, 
and it was further non-toxic. 

(ii) It was further dialysed for four hours, at the end of which time it 
was still acid, contained no trace of proteid and was non-toxic, even after 
concentration. 

(iii) The fluid was changed and it was set to dialyse again for 20 hours, 
The dialysate then examined was acid, and after concentration on a sand-bath 
gave the following reactions : 
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(i) a proteid xanthoproteic reaction. 

(ii) a violet Biuret. 

(iii) a precipitate with acetic acid and ferrocyanide of potash. 
(iv) a precipitate on neutralising (‘). 

Evaporated down it left some feathery crystals (NaCl) but none of the 
forms described by Blyth as cobric acid. The residue when taken up again 
with H*O was slightly acid. The reactions above mentioned are proper to an 
acid albumin. 

M xx of this concentrated dialysate were injected ender the skin of the 
back of a healthy white rat at 1 p.m. up to 5 p.m.; it apparently shewed no 
sign of poisoning and was then left for the night, On returning in the 
morning it was found dead. 

The length of time before symptoms and poisoning appeared was probably 
due to the comparatively small amount of proteid in the solution. 


From this experiment I concluded that dialysates, free from proteid, 
even though they were slightly acid, were quite harmless, and I thought 
myself justified in concluding that the toxic effect produced upon this 
rat was due to the small amount of proteid contained in the injection. 
The next experiment, I think, shews this conclusion to be correct. 


Experiment VIII. 2 decigrammes of the dried venom were dissolved in 
50c.c. of distilled water, filtered from extraneous matters, and set to dialyse. 

(i) The first dialysate removed at the end of four hours was slightly acid 
and gave no evidence of the presence of proteid. It was moreover non-toxic. 

(ii) The second dialysate, removed after 24 hours, was acid, and yielded - 
distinct proteid reactions (xanthoproteic, biuret and acetic acid and ferro- 
cyanide tests). 

M x of this was injected into a rat at 3.55. Left at 5.30 it was quieter 
than usual, but in the morning was found dead. 

(iii) On further dialysis, for 36 hours, it still contained proteid and 
exhibited the same general charaters. 

EXPERIMENT IX. (i) A dialysate from cobra venom which yielded proteid 
reactions was treated with basic acetate of lead in order to remove all proteid, 
and afterwards with H’S. Then evaporated down, and taken up with water, 
it yielded no further trace of proteid, and though distinctly acid, was non- 
toxic. 

(ii) Another dialysate was treated in the same manner, with removal of 
all the proteid it lost all toxic power, though still decidedly acid, — 


EXPERIMENT X. An attempt was made to obtain from these dialysates 
the ‘ cobric acid’ before mentioned. On extracting with ether, and 
evaporating down the ethereal extract, the slight residue left was non-acid, 
non-crystalline, and non-toxic. 
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The rest after removal of the ether was evaporated down, taken up with 
water. It was faintly acid and gave slight proteid reactions, and was slightly 
toxic. Two rats were injected with a syringeful of this at 12.30; they were 
left at 3 o’clock quite well, but one of them was found dead next morning. 

It is obvious that there was no ‘cobric acid’ present in this. 


From these experiments, and from those before mentioned (from 
which I conclude that there is no alkaloid or toxic acid in cobra venom), 
it is rendered evident that so long as the dialysates contained any 
proteid they were toxic, but that when free from proteid by treatment 
with lead acetate, they were no longer active. Alcoholic extracts are 
toxic also only so long as they contain any proteid, and it has before — 
been mentioned that absolute alcohol does not take up any toxic 
principle from the dried venom. The saa experiments made this 
fact still more evident. 


Expertment XI. Cobra venom in solution (H*O) was well boiled, and the 
coagulum filtered off. The filtrate contained a good deal of proteid, and was 
boiled with ferric acetate to remove proteids. Only peptone could then remain 
in the solution, of which, however, the specimen gave no indication. This non- 
proterd residue was no longer toxic, even when ore in such large quantities 
as a syringeful at a time into a rat. 


Experiment XII. Fresh cobra venom was taken and dialysed for three 
days (the water being frequently changed). 

The mixed dialysate was distinctly acid and contained much seciell as 
evidenced by giving the ordinary proteid reactions. This fluid was very 
‘poisonous, since a rat injected with nearly a syringeful at 2 p.m. died 
asphyxiated at 2.17. And another rat into which I injected M x. at 2 p.m. 
died at 2.25. 

This poisonous fluid I then boiled with ferric acetate’, and the filtrate thus 
obtained was perfectly clear and gave evidences of only a trace of proteid 
(most probably a trace of peptone, from its giving a very faint cloudiness with _ 
metatungstic acid and a very faint xanthoproteic reaction, but no biuret). This 
when injected in quantities amounting to as much as a syringeful ecsnie no 
toxic effects whatever when injected into a large rat. 


As a result of boiling a solution of cobra venom, or the poisonous 
dialysates of such, with ferric acetate to the entire exclusion of all 
_proteids, the venom is thus rendered innocuous. 

In the experiments previously quoted it is evident that cobra poison 
deprived of its proteids either by treatment with lead acetate, or better 


1 See the process described on p. 346. 
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still by boiling with ferric acetate, is absolutely harmless. Further 
proof of this statement may be found in the following experiments. 


The action of heat on the venom. 


It is already known that boiling the venom does not entirely destroy 
its activity. Fayrer and Brunton’ say, “The sample of poison which 
had been subjected to a temperature of 100° C. forwarded to us by 
Mr Pedler killed a dog, but the fatal effects were retarded.” The 
same writers remark’, “Coagulation by boiling does not destroy the 
activity of the poison, but a portion which was boiled for more than half 
an hour under pressure corresponding to a temperature of 102’C., had 
no effect when injected under the thigh of a fowl.” Winter Blyth*® 
remarks, “Heated to 212°F. the uncoagulated portion preserves its 
activity.” Dr Wall‘ details some interesting experiments which tend 
to shew, (i) that after boiling, cobra venom is still fatally toxic, the 
coagulum being innocuous after washing ; (ii) that prolonged application | 
of heat (for two hours) at a high temperature at last destroys the 
toxicity of cobra venom, “the destruction being gradual, the solution 
becoming weaker as the application of heat was continued’;” (iii) a 
dilute solution is more easily destroyed by heating than a strong, such 


a toxic dilute solution being destroyed after heating at 106° C. for half 


an hour. 


All the results obtained by Wall are compatible, I believe, with the 
view that the venom is proteid, and that its destruction by heat is due 
to gradual precipitation and coagulation of the albumins. Containing 
as it does acid albumin, and possibly some albumose, it is easily under- 
stood that a temperature sufficient to coagulate a considerable amount 
of albumin (globulins and albumins) might still fail to remove its 
toxicity in consequence of the presence of non-coagulable proteids. 


EXPERIMENT XIII. Cobra venom dissolved in water was well boiled in 
a test tube, the coagulum collected, washed, broken up, suspended in water, - 
and injected under the skin of two rats. Both remained unaffected in the 
least. 

Experiment XIV. The filtrate from this coagulated proteid was toxic. 
I injected M iii—iv under the skin of a rat, with the effect of producing at 


1 Fayrer and Brunton. Snake Commission Report, p. 67. 
2 Ibid. Winter Blyth. Analyst, vol. 1. 
4 Wall. Indian Snake Poisons, pp. 120—124. 

5 Wall. Indian Snake Poisons, p. 123, 


= 
4 
v 
q 
> 
| 
4 
= 
“4 
‘ 2 


COBRA VENOM. 


first very rapid respirations, gasps and convulsive twitchings of head and 
neck, muscular tremor and drowsiness, from which however he eventually 
recovered, the symptoms of slight cobra poisoning lasting however for two 
hours. | 

Exprertment XV. A solution of cobra venom from which all the coagu- 
lable proteid had been removed by heat, and was found to be toxic, was still 
_ further treated with acetate of lead and HS, until all proteid was removed. 
M xx of this injected into a rat produced no symptoms whatever. 


Removal of the proteids by saturation is not perhaps so trustworthy 
a method unless they are well dialysed afterwards, since I found to my 
surprise that a syringeful of concentrated MgSO* or Na’SO* was quickly 
fatal to rats and guinea-pigs, causing death in as short a time as ten 
minutes with MgSO‘, and after some hours with Na*SO**. I have already 
produced, however, sufficient proof that the toxic effect of cobra venom 
is lost when all the proteids are removed, and greatly diminished when 
the strength of these bodies in the solution is diminished. The removal . 
of all proteids, except peptone, by boiling with ferric acetate is so 
complete, and so readily performed, that this experiment alone proves 
the point in question. | | 

I conclude therefore that the toxic power of cobra venom 
resides in the proteid constituents of the secretion, and is 
lost when the proteids are removed, and diminished as these 
are diminished. 

The alternative, is, that the venomous body is something so 
intimately linked to the proteids, that it varies in intensity with the 
amount of these bodies present and is precipitated, coagulated, or 
destroyed by all such means as precipitate, coagulate or destroy 
proteids. Until the existence of such a body is proved, it is fair to 
attribute the venomous power to the proteids. We, at any rate, know 
of more than one normal proteid, which possesses physiologically 
‘ poisonous’ properties, viz. peptone, and certain forms of albumose. 


PART IL. 


The Proteids present in the Venom. 


Having obtained results which convinced me that the proteids had 
most to do with the toxic effect of the venom, since solutions of cobra 
poison deprived of their proteids were harmless, and solutions containing 


1 I cannot find any previous mention of the toxic power of saturated solutions of Mg 
and Na. 
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less and less proteid became correspondingly less and less toxic, while 
those from which the proteids had not been removed retained to the full — 
their poisonous properties, I now directed myself to the most difficult 
part of this research, viz. the detection and separation of the different 
proteids of the venom. The indications obtained by heating suggested 
the presence of more than one proteid, consequently I first made some 
experiments upon the coagulation temperatures. — 

The method used in these experiments was that fully described and 
used by Dr Halliburton in his researches upon the proteids of the 
blood’, and I used the ingenious and simple apparatus devised by 
Professor Schafer for Dr Halliburton. 


I. Experiments on Fractional Heat Coagulation of Cobra proteids, 


Experiment XVI. ‘1 gramme dried cobra venom was dissolved in 30c.c. 
of a 5°/, NaCl solution and filtered, to free from foreign particles. It was 
then acidified with three drops of a 2°/, solution of acetic acid. Opalescence 
at 60°C. increasing to 74°-5°C. at which point a very fine precipitate fell after 

It was now filtered and the filtrate was clear, and again acidified with two 
drops of acetic acid. Opalescence between 70° and 80°C., which however was 
not very marked, and though it was undoubted, I could not satisfy myself of 
a precipitation. 

Expermment XVII. 30c.c. of cobra venom (the same solution as used in 
the last experiment) were acidified with 5 drops of 2°/, acetic acid. Opalescence 
at 52°C. A fine precipitate fell at 68°C. After filtering, the fluid was clear 
and almost neutral. It was reacidified with three drops of 2°/, acetic acid. 

There was distinct but slight opalescence between 68°C. and 75°, though, 
as in the other case, no definite precipitate fell, 


The body brought down out of solution at 75°C. is undoubtedly 
globulin. The reason of its being brought down at 68°C. in the second 
experiment is due to the excess of acid, since Halliburton has clearly 
shewn how a large degree of acidity lowers the coagulation point. The 
fact of MgSO* at once producing a precipitation in fluid cobra venom 
along with the occurrence of a coagulum at 75°C. points definitely to 
this body being a globulin. 

The reason why an opalescence only was obtained in the filtrate 
from the globulin, and not a true coagulation, was probably due to the 
fact that the albumin solution was so dilute, 


1 See this Journal, vol. v. No. 3. 
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Cobra venom after removal of the Mg-precipitated-globulin is again 
precipitated by Na’SO*, and this opalescence therefore points to a serum — 
albumin as its cause. © 


Experiment XVIII. The MgSO‘ precipitate was dissolved in water (of 
cobra venom) and 5c.c. taken and diluted further with 5¢.c. water. After 
— 3 drops of a 2°/, solution of acetic acid, 

Opalescence at 68°C. 
Coagulation at 73° C.—75° C. 

Experiment XIX. 5..c. of the same globulin solution + 5 drops of 2°/, 

acetic acid. 
Opalescence at 51° 0. 
Coagulation at 61°—62° C. 

The filtrate was clear, almost neutral, and yielded no further opalescence 

on boiling. 


The solution of cobra venom which has been precipitated cornpiiiely 
by MgSO‘ and from which the precipitate has been removed, will always 
yield an opalescence on boiling after acidification, and sometimes a 
definite coagulum, but I have not yet been able to determine the 
coagulation point further than that it lies between 70° and 80°C. or a 
little over. I propose to return to this question when I have more 
venom. 

The coagulation between 63°—75°C. is globulin, and I think the 
further opalescence or coagulation of the filtrate from globulin is 
undoubtedly serum albumin, since it is precipitated from its solution 
(in Mg) by Na*SO*, and further, does not dialyse. The amount of this 
body present in cobra venom is however very small, usually. 


II. Separation of the Cobra proteids. 

When a watery solution of the dried venom is made there is always, 
instead of a clear solution a slightly turbid fluid. This is not due to a 
mixture of foreign particles, for it is always the case, even if the cobra 
solution be at once filtered from flakes, (and. occasionally epithelial cells) 
and left to stand. After some hours the turbidity gives place to a very 
fine precipitate, which settles at the bottom of the flask. 

When a watery solution of the venom is set to dialyse there appears 
after a while a white precipitate upon the dialyser, which settles into a 
copious sediment. The upper layers may be decanted, or removed by a 
pipette (a proceeding, however, not devoid of danger, from accidental 
suction into the mouth). It is extremely difficult to remove the globulin 

by this method. It runs through i number of filters, only a small 
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proportion being retained upon the filter. The precipitate is so exceed- 
ingly fine that the only possible method of removing it and obtaining it 
in comparatively pure condition is by centrifugalising. 

The same difficulty however exists as to filtration of the precipitate. 
I obtained a little of the precipitate by filtering, and dissolving it up in 
weak salt solution found it was coagulated by heating, between 73° and 
75°C. and from the fact of its being further precipitated by shaking 
for several hours, after admixture of NaCl in bulk, dissolving up again 
on copious dilution, and being reprecipitated by resaturation with either 
NaCl or NgSO* I concluded it to be a globulin. After removal of the 
globulin precipitate as completely as possible from the dialyser, the 
filtrate contains another proteid. The best way of obtaining this fluid 
free from globulin was, I found, to let the globulin precipitate settle for 
several days at the bottom of a flask, into which I turned the fluid from 
the dialyser, and then to pipette off some of the supernatant clear fluid. 
This clear fluid gave a precipitation on shaking for several hours with 
Na’SO*, and by heating up to about 80°C. a coagulum resulted, which was, 
I concluded, serum albumin. After removal of all proteids from the 
solution by heating to a temperature of 98’ C. for a quarter of an hour, — 
there was still evidence of a considerable quantity of proteid, as yielded 
_ by the general proteid reactions (xanthoproteic, biuret, acetic and ferro- 
cyanide test, &c.). Since all coagulable proteids must be removed by 
the heating to 98°C. for 15 minutes, the proteid remaining is either an 
albuminate, albumose or peptone. Concerning the evidence of peptone — 
in cobra venom I will speak further on, I conclude this body to be 
syntonin, from the following. The fluid is slightly acid, and yields a 
small precipitate on neutralising, and also after boiling it with MgSO*. 
This experiment I repeated as follows; a solution of cobra venom in 
water was boiled for twenty minutes at 98°C. and filtered twice, until 
the filtrate was quite clear. The filtrate gave good proteid reactions, (1) 
xanthoproteic, (2) violet biuret, and further a precipitate developing on 
standing with (3) acetic acid and ferrocyanide of potash, and (4) a pre- 
cipitate on neutralising the slightly acid solution (it is acid to commence 
with). Setting this filtrate on one side with a large excess of absolute 
alcohol (about six times its bulk) there was in a few hours a’ white 
cloudiness, shewing a tendency to settle down to the bottom as a white 
precipitate, and which after a week under the alcohol was a white 
—coagulum. 

Prolenged dialysis of the cobra venom is followed by a passage out- 
wards into the water of a certain amount of proteid. 
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EXPERIMENT XX. 2 decigrammes of cobra venom were dissolved in 50 c.c. 
H*O, and set to dialyse on February 27th. The fluid was slightly acid. 
Examined on February 28th the dialysate was distinctly acid, but yielded no 
evidence of any proteid by the following reactions; (i) Xanthoproteic, 
(ii) Biuret, (iii) Picric acid. Examined again on March 2nd, there was 
undoubted evidence of proteid, giving the following reactions; (i) Xantho- 
_ proteic, (ii) Violet biuret, (iii) A cloudiness with acetic acid and ferrocyanide 
of potash. Examined again on March 3rd the same reactions were obtained, 
with the addition of a neutralisation precipitate. 

EXPERIMENT XXI. Cobra venom dissolved in water was set to dialyse 
for 5 days. At the end of that time there was considerable white deposit of 
globulin on the dialyser. The dialysate was acid, and gave undoubted proteid 
reactions. There was no coagulation on heating, but a precipitation on boiling 
with lime water, which was increased on adding calcic apenas There was 
also a slight precipitation on neutralising. 

ExpertmmEeNT XXII, 1 decigramme of cobra venom was dissolved in 30 c.c. 
of a 5°/, NaCl solution, and set to dialyse on March 11th. The fluid was 
slightly acid to commence with. Within two hours the water outside the 
dialyser was found to be distinctly acid. After 28 hours’ dialysis there was 
some considerable amount of proteid present. The fluid then gave the ns 
reactions : 

(i) Xanthoproteic, (ii) slight violet biuret, (iii) a slight precipitate on 
neutralising. After three days’ dialysis, these reactions were still more 
marked. 


From these dialysates the acid albumin may be precipitated by 
saturation with solid MgSO*, but very incompletely. The precipitation 
was however complete on boiling the saturated solution, and the fluid 
thus remaining was found no longer to contain any proteid. This has 
been the rule in the specimens I have examined, but very occasionally 
there has been still a little trace of proteid, which, I think, is probably 
peptone. 

The bulk of the proteid which finds its way into the outside fluid 
from the dialyser is however not peptone, and is, I think, acid albumin, 
yielding as it does reactions proper to this body. 

The Magnesium Sulphate precipitate. —Undoubtedly the best method 
of separating these albumins is the now generally used saturation 
method. 

When MgSO‘ in bulk is added to cobra venom to saturation, there 
is at once a copious precipitate, and by shaking’ for several hours this 

1 The shaking was performed by attaching to a lathe, which was worked for 4—7 hours, 
or to an Otto gas-engine. 
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precipitate is separated out, as a very distinct lightly gelatinous looking 
layer, much finer however than the Mg precipitate usually obtained 
from proteids. Any shaking of the flask after settlement of the precipi- 
tate dissipates it as a fine cloud at once. 

After the first precipitation with MgSO* [which I gave several hours’ 
(from 4—7) shaking] I removed the Mg precipitate by decanting off the 
supernatant clear fluid, collecting on a filter previously well washed with 
MgSO‘ (and used threefold); the small amount of precipitate on the 
filter was then dissolved up in water, reprecipitated by saturation with 
MgSO‘, and shaking as before, allowed to settle, the supernatant fluid — 
poured off, and the magnesium precipitate collected and dried in an 
incubator at 28°C. I have redissolved this in water and dialysed to rid 
of excess of magnesium, and used the solution from the dialyser for 
further experiment. I have also precipitated the solution, (freed as — 
much as possible from MgSO‘), by absolute alcohol. In both cases the 
precipitate is white, and dries to a very fine powder. 

Globulin. The Mg precipitate thus obtained when dissolved up in 
water is coagulated by heat at 68°—75°C. and is therefore, in part, a 
globulin. It is not however all globulin, but a mixture of acid albumins 
and globulin, Two specimens contained nothing but globulin apparently, 
but most are admixtures of the two bodies. Boiling the magnesium 
precipitate nearly frees it from proteid, within the range of globulin 
coagulation; but though all the globulin is precipitated there is still 
some trace of proteid present, which is removed by further boiling with 
MgSO‘, and which, yielding an acetic acid and ferrocyanide of potash 
precipitate, must be an acid albumin, the same body that appears on 
prolonged dialysis of the original venom. In the dialysates of the 
globulin magnesium precipitate, when prolonged for several days, there 
was evidence of some proteid having passed into the outside fluid, though 
not in any quantity. This yielded ordinary proteid reactions, and further, 
a precipitate with acetic acid and potash a and sonia 
could not be peptone. 

Serwm Albumin. After removal of the magnesic precipitate there 


was still a good deal of proteid in the filtrate, even after two or three 


saturations with MgSO‘. This filtrate was then saturated with Na’SO*, 
and shaken for as much as nine hours sometimes. At the end of that 
time there was always a precipitate, the amount of this however being 
always small. This was redissolved and reprecipitated with Na’SO*, 
the amount of it was however so small, that with the loss consequent 
upon filtrations, and resaturations, I was not able to collect more than a 
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very little of it. As there was however in its solutions (unfortunately 
very dilute) an opalescence or slight coagulum between 70° and 80°C. 
on heating, there can be no doubt that this was serum albumin. The 
amount of serum albumin present in specimens of cobra venom is much 
smaller than that of globulin. In some specimens I have failed to get 
any distinct coagulation on heating the solutions (previously saturated to 
complete removal of the globulin, by MgSO‘). In these cases there was 
nothing more than an increase in opalescence of the solution. Specimens 
of the dried venom vary however very considerably in the relative amounts 
of the proteids. I have never failed however to get a precipitate on satu- 
rating with Na’SO* and continuous shaking for some hours, though in 
some cases this shaking has had to be continued for as much as nine hours. 
In these cases the precipitate has been so very small, that, distinct as it 
was, on settlement of the shaken fluid, it was impossible to remove it. 
| Syntonin. The complete removal, from the solution of dried venom, 

in water, of all proteids which are coagulated at 98°C. by 10—15 
minutes heating, leaves some considerable amount of proteid still in 
the solution, This I have found still precipitated by MgSO*. The 
precipitate was not however complete until the solution saturated with 
solid MgSO* was boiled, and the fluid thus boiled remained generally 
free from any proteid. In a couple of specimens, however, there was 
still left a trace of proteid. This, I think, was due to the presence of 
traces of peptone, as I will shew further on. After boiling a solution of 
the dried venom, and removing the coagulum thus obtained, by filtration, 
the resulting clear fluid was usually very slightly acid. On neutralising, 
a precipitate was formed in all cases, I have mentioned that saturation 
with MgSO* causes a precipitation. Sodic phosphate also precipitates 
the fluid, and on setting it under a considerable excess of absolute 
alcohol there is a coagulum. 

Some of the Mg precipitate of the original venom is acid albumin. 
I have mentioned that in dialysing the original venom for a long time 
(from 3—5 days) there is to be found in the dialysate, a proteid possess- 
ing characters of an acid albumin. These characters are, neutralisation 
precipitate, a precipitate with acetic acid and ferrocyanide of potash, a 


violet biuret reaction, a precipitation with MgSO‘, a precipitate on 


boiling in lime water, increased by addition of calcic chloride. The same 
reactions are obtained with the filtrate from the boiled venom, from 
which all globulin and serum albumin have been thus removed. 

It is a matter of great difficulty to separate this acid albumin from 
the globulin, both being precipitated by saturation. Since, however, 
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some portion of this body finds its way outwards through the pores 
of the dialyser, I have been able to get some indications of its action 
from the dialysates. 

Peptone. In the preliminary account published by Weir Mitchell! 
he speaks of having obtained a peptone from cobra venom. He, 
however, gives no details. This peptone should appear on dialysis, and 
if in any quantity there should be no difficulty in recognising it. A 
certain amount of acid albumin certainly dialyses in prolonged dialysis. 
I have not met with any proteid earlier than after dialysis for a whole 
day, and the fact of its being precipitated by acetic acid and potassic 
ferrocyanide precludes the possibility of its being a peptone*. I must 
however state that in one specimen I met with proteid reactions in a 
dialysate which had been dialysing about 10—12 hours, and in which 
the dialysing paper had been left to soak in water for 48 hours. On 
concentration of this dialysate, however, I was unable to convince myself 
with any certainty of the presence of peptone. The dialysates examined 
later gave undoubted evidence of an acid albumin, both by saturating 
with MgSO‘, and by acetic acid and ferrocyanide of potash. 

Of all methods of peptone testing none is so accurate as that 
devised by Hofmeister®. I have had considerable experience of this 
method, having applied it to a variety of conditions. where I have 
required to remove all albumins except peptone. In many cases the 
biuret test for peptone is quite inapplicable, and it is performed with 
difficulty, or is quite impossible, when dealing with traces of peptone in 
a fluid previously saturated with neutral salts. 

A solution of albumins is first treated with acetate of soda, (a 
saturated solution) and then with ferric perchloride, until of a blood- 
red colour. At this point the addition of the iron is stopped. It is now 
neutralised nearly with sodic hydrate, leaving it however just on the 
acid side. The fluid is then boiled for a few minutes, and filtered. 
The filtrate which passes through is clear and colourless, and gives no 
precipitate with acetic acid and ferrocyanide. The filtrate is made 
acid with acetic acid, and tested with an acid solution of phospho- 
tungstate of soda (acidified with acetic.acid). This is added in the 
proportion of 1 to 4 of the filtered solution. If any peptone is present - 

1 Lancet, loc, cit. 

2 I cannot cay definitely that there may not in some specimens be a little albumose, 
since in one specimen, after removal of the coagulable proteids by boiling, I met with the 
albumose reaction in the filtrate, viz. the precipitation by cold HNO® solution on warming 


and reprecipitation on cooling, also the violet red canoe reaction. 
* Hofmeister. Zeit. f. phys. Chemie. 
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there is a turbidity, or a flaky precipitate, on standing for a few minutes. 
All the albumins, except peptone, are removed by the ferric acetate, 
and the method is most reliable. Though phosphotungstate of soda 
_ detects peptone in the proportion of 1 part in 100,000, biuret will 
only detect it in the proportion of 1—2000. Applying this test to 
solutions of cobra venom, I have detected in the last specimen I 
examined very slight traces of peptone, in — I had altogether failed 
to get any biuret reaction. — 
i, Cobra venom which had been precipitated to paditvitions with 
MgSO‘ in order to remove globulin, was treated according to the above 
method. On adding the acid phosphotungstate of soda there was 
produced a slight opalescence. | 

ii, An alcoholic extract of cobra venom, which gave undoubted 
proteid reactions, was treated according to the above method and 
yielded a slight opalescence with phosphotungstate of soda. 

iii. The dialysates (mixed) of cobra venom, which had been 
dialysed for 3 days, were treated in this manner, and the filtrate 
examined. It yielded no precipitation or opalescence with acetic acid 
and ferrocyanide of potash, but gave with phosphotungstate of soda, a 
slight opalescence, This fluid gave a very faint a reaction, 
but no biuret. 

iv. From the same cobra venom which had been saturated with the 
double sulphate of magnesia and soda’ a portion was treated according 
_ to Hofmeister’s method, and the filtrate gave a slight turbidity with 
the acid phosphotungstate of soda. 

In all my previous specimens of cobra venom I had been unable to 
detect any peptone, but I think in this, the last specimen, this phospho- 
tungstate precipitate was due to small traces of peptone, which however 
failed to give any biuret indication. The fact of the bulk, (all except 
the faint trace), of albumin being removed from the dialysates by 
boiling with ferric acetate, also proves that it is not peptone, which 
appears after long dialysis. I do not think that peptone occurs in more 
than traces in cobra venom, and whether it occurs on all specimens I 
am unable to say definitely, as I became acquainted with this method 
only at the last, when I had only a portion of my last specimen of 
cobra venom left. I am inclined to think that peptone is only of 
occasional occurrence in cobra venom, and that in very small traces, 
probably dependent upon the length of time it has been kept. 

_ One great advantage of this method of Hofmeister’s is, that it can 
1 Halliburton. Loc. cit. 
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be applied to saturated solutions ; other points in its favour being its 
extreme delicacy, and the eortainty of removing all other albumins, 
except peptone, by boiling with ferric acetate in this manner. 7 
_ The amount of each proteid in cobra venom presents considerable 
variations. A magnesic sulphate precipitate is constant, and there is very 
much more of it than of the soda precipitate. The amount of acid 
albumin varies too, in some specimens being very considerable, especially 
where the amount of serum albumin is smallest. The amount of serum 
albumin is small in all specimens, and in some scarcely amounts to more 
than a trace. 

Briefly summing up, three proteids are met with constantly in 
cobra venom, namely, globulin, serum albumin and syntonin, 
with probably occasionally, and in traces only, a fourth, 
viz. peptone. 

I think the experiments here stated, prove conclusively that the 
venomous properties of cobra poison are not dependent upon any body 
of an alkaloidal nature, and further that this property of cobra venom 
is due entirely to its proteid constituents. Experiments XI. XII. XIII. 
XV. I think, prove how clearly the toxic nature of the venom is - 
dependent upon these bodies. The possibility of the venom proteids 
being mixed intimately with some body like the supposed cobric acid, 
had not escaped me, before I came across Warden and Wardell’s very | 
pertinent remarks before quoted, but I am satisfied that I have not had 
to do with any body of this kind in any of the specimens I have 
examined. The facts remain that solutions of the venom are toxic in 
proportion to the amount and nature of the proteid or proteids they 
contain. 

When the amount of proteids is small, the toxic power is small, when 
_ they are removed the toxic power is lost, the coagulation of the proteids 
renders the toxic power less. It is still poisonous, since it contains 
an uncoagulated proteid of the nature of acid albumin. The washed 
coagulum is harmless. Removal of the proteids by treatment with 
lead, ferric acetate, or double saturation with MgSO* and Na’SO*, renders 
the venom inert. There can be only one conclusion, and that, as 
stated before, that the proteid bodies are the toxic agents of the venom. 

Some evidence in favour of this view is derived from the action of 
such bodies as have been shewn to diminish or destroy the action of the 
venom, by former experimenters. The search for an antidote to cobra 
poisoning has resulted in the trial of a large number of compounds. 
The only one which has at all shewn hopes of answering to expectations 
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has been permanganate of potash. This, however, has been shewn to be 
useless as an antidote, for though it will quickly destroy the venom 


when mixed with it outside the body, it is powerless to prevent 


poisoning when once the venom has been received into the circulation, 
and this is due, no doubt, to the fact, as. Wall clearly perceived, that 
this body has no special oxidising power over cobra venom more than 
over other albuminous fluids, and it indifferently oxidises all albumins, 
without any special affinity for the cobra proteids. When perman- 
ganate of potash oxidises albumin, it quickly and readily forms from it 
acids such as Briicke’s or “ oxyprotosulphonic acid,” having a higher 
percentage of oxygen composition than ordinary albumin. Maly’ shews 
that besides this acid a second soluble acid is formed, having from its 
reactions the characters of an albuminoid and a sulphonic acid, and 
having a still higher oxygen percentage. The direct evidence afforded 
by this oxidising power of permanganate of potash, in its antidotal effects 
upon cobra venom, is strongly @ priors in favour of the active 
principle or principles of the venom being proteid in its nature. 
- Tannic acid and the metallic salts which precipitate albumin have 
been shewn by Wall to destroy the effects of the poison. 

When the albumins of the venom have been decomposed by strong 
caustic potash the toxic power is destroyed. I think there can be no 


further doubt that it is to the albumins of the venom that we have to 


look for the toxic effects. 
The action of chlorine, bromine, and iodine, on snake venoms, is 
entirely explained by the action of these bodies on proteid substances. 


PART IIL 


Some Experiments upon the Toxic Action of the Cobra 
Proteids. 


I have shewn previously that these proteids when coagulated by 
heat, exert no toxic powers, since such coagulum well washed, broken up, 
and suspended in water, and hypodermically injected into rats under 
the dorsal skin, is not followed either by local change, or by constitutional 
symptoms of poisoning. 

The — of cobra poisoning in man are so well described i in 


1 Monats. Chen. 6. 107—156. 


é 
a 
3 
+g 
| 
wa 
4g 
% 
° 
¢ 
3 


a 
a 
| 


350 | R. NORRIS WOLFENDEN. 


- the writings of Sir J oseph Fayrer’, and others, that it is scarcely | 


necessary to refer to them here, beyond saying that two very prominent 
groups of symptoms follow cobra poisoning as a rule, and though 
individual differences exist, the phenomena of respiratory troubles, on 
the one hand, and of paralysis on the other, accompany every marked 
case of cobra poisoning. The course of the poisonous symptoms may 
be briefly described as follows: First, a period of incubation, varying in 
small animals from less than a minute, to as much as four hours in man, 
which appears to be a time occupied by the absorption into the 
circulation of the venom. This is followed by a drowsy condition, and 
in man what has been described as “a feeling of intoxication®”. 

In man a progressive paralysis of an ascending character follows, 
beginning in the legs, in small. animals (rats) and in dogs’, there is a 
difficulty of standing, which appears to amount at first more to impaired 
co-ordination, as indicated by the staggering gait, and the muscular 
weakness. Wall thinks that paralysis of the hind legs in dogs without 
the fore is rarely seen. 

“Tn the vast majority of cases power is lost simultaneously in all 


four members‘”. “ But even with this source of fallacy it holds good 


that in men suffering from cobra poisoning paraplegia is a most 
characteristic symptom ; whereas it is exceptional in dogs. Why, then, 
as a rule, should paraplegia occur in men and not in dogs? Standing 
and walking are to a very great extent reflex acts. A man when walking 
places one foot on the ground, and the sensation of contact with the 
ground serves as a stimulus to a centre in the cord, by which the motor 
impulse to move the other leg is excited, and paralysis of these few 
lower centres would at once impair the action. But in dogs the 
mechanism is very different. They move the fore leg of one side with 
the hind leg of the other. It is necessary, then, that the centres 
governing the movements in those limbs, should be coupled, so to speak, 
together. The stimulus that moves the fore leg of the one side has to 
excite simultaneous movement in the hind leg of the other: Therefore, 
all the inferior, or rather posterior, extremity of the cord has to do in 
the case of the dog is merely to transmit the motor impulse from the 
fore part; whereas, in man, the inferior part of the cord has to translate 
a sensation into a stimulus to excite movement. It is therefore prob- 
able that the earliest injury inflicted by cobra poison on the nervous 
system is a paralysis of the centres in the lower part of the cord.” 


The Thanatophidia of India. London, 
2 Wall. Indian Snake Poisons, p. 12. 8 Ibid. 4 Loe. cit. 
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These commencing paralytic symptoms are soon followed by paralysis 
of the larynx and tongue, salivation and vomiting, increased secretions, 
slow and laboured respirations, convulsions and asphyxiation, the heart 
curiously enough continuing to beat long after apparent death. 

Consciousness is lost at the last only. 

The symptoms of poisoning in a rat may be illustrated by the 
following : | 


Experiment XXIII. A little dried cobra venom was taken up on the 
end of a scalpel and dissolved in 10 c.c. of water. Of this solution four drops 
were taken, and hypodermically injected under the dorsal skin of a good-sized 
rat, at 11.40. It immediately becomes drowsy, quiet and huddled up. 
Respirations are rather quickened. At 11.50 it is tottery in all four limbs, 
but more marked in the hind limbs. It drops its head, as though unable to 
hold it up. At 11.51 it falls over, paralysed apparently, and unable to stand, 
but with power to kick with all the limbs, At 11.55 there are some slight 
convulsions. 11.57 it lies on its side unable to move, though it can move the 
limbs on pinching them, and whisk the tail a little. 11.58 absolute paralysis 
of all four limbs—no stimulation producing effect. For the last 3 minutes 
the respirations have been laboured and slowed with occasional convulsions. 
Consciousness is apparently lost at 11.59. No conjunctival reaction. 12, dies 
asphyxiated. 

I have seen regular ascending paralysis, however, commencing in the 
hind limbs, next involving the fore limbs, the muscles of head, neck, and 
face, and finally, the nose, and conjunctiva, though it is not so general 
as the loss of power in the whole four limbs simultaneously. 


EXPERIMENT XXIV. The solution of cobra venom mentioned in the last 
experiments was boiled for 10 minutes, and all coagulable proteid removed by 
filtering 3 times, the precipitate washed well with water, and added to the 
filtrate (the washings of the coagulum produced on heating are non-toxic). 
Of the syntonin thus remaining. 


M v injected into a rat at 4.25. 
M xv ,, 4,30. 


They were left at 5 o’clock, apparently. well, but were both found dead — 
next morning. | 

Experiment XXV. A portion of a dialysate containing acid albumin, 
(neutralisation precipitate, acetic and ferrocyanide precipitate) was taken, 
and M x of this faintly acid fluid injected into the dorsum of a rat at 10.45. 
At 11.15 respirations were jerky and the animal was drowsy, At 11.30 the 
same ; 11.50 respirations laboured, 124 a minute. 

12. Spasms of head and neck. Laboured respirations rather slower than 
before. 


q 
‘¥ 
a 
a 
am 
& 
=) 


352 R. NORRIS WOLFENDEN. 


12.5. Convulsive respiratory movements. Gasping. 84 resp. 
12.10. Running about. Gasping, evident dyspnea. 72 resp. 
12.11. Resp. 44. Great dyspnea, 

12.13, Resp. 24. 

12.14. Dies asphyxiated in a convulsion. 

The heart beats for several minutes after death. 


ExperIMENT XXVI. A fresh specimen of cobra venom (dried) was 
dialysed. The early dialysates (5—8 hours) were absolutely harmless, but 
after a day and a half to two days, they presented marked proteid characters 
giving besides a precipitate with acetic acid and ferrocyanide, and a violet 
biuret reaction a precipitate with sodic phosphate, and by MgSO‘, with * 


~ however no coagulation or opalescence on boiling. These later oc 


were very toxic. 

A syringeful was injected into the dorsal skin of a rat at 2 pm. 

2.5. Quiet and tottery. | 

2.15. Breathing slowed and deepened. Much muscular weakness, respira- 
tory convulsions of the whole body became frequent, and at 2.17 the animal 
died asphyxiated, the heart still beating well. For ten minutes after the 
thorax was opened the ventricles and auricles continued to beat, the ventricle 
ceasing first. 

P.-M. The right heart gorged, the lungs cedematous, and great congestion 
of all veins. Frothy exudation into the trachea. 

EXPERIMENT XXVII. A rat injected with half a syringeful of the same 
fluid exhibited the same symptoms; gradual embarrassment of the respiration, 
ending in convulsions and asphyxia within half an hour, and without any 
muscular paralysis. The appearances were same as in the 
other. 

EXPERIMENT XXVIII. The dialysate was treated with ferric acetate 
after Hofmeister’s method, and the clear filtrate gave no reaction at all with 
acetic acid and ferrocyanide. It yielded a very slight opalescence with 
metatungstate of soda, which may therefore have indicated the presence of 
traces of peptone. The fluid was however absolutely harmless, as injected 


_ into rats in the amount even of a syringeful it produced no effect whatever. 


From these experiments I am disposed to think that the acid 
albumin which dialyses through in prolonged dialysis, or which is found 
in the solution after removing all proteids which can be coagulated by 
heating, is toxic, and that its toxic effect is probably more particularly 
effected upon the respiratory apparatus, since death follows from 
asphyxia, after more or less marked embarrassment of breathing. The 
muscular weakness which is evident in some cases does not amount to 
paralysis. If peptone exist in cobra venom, and of its presence I have 
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some doubt, I believe it to be non-toxic, since after treating these 
poisonous dialysates by such a method as I have indicated, which 
removes all proteids except peptone, (should it exist), I find the fluid 
thus treated is harmless, even when injected in large quantities, such as 
a whole syringeful. 

The difficulties in dealing with the MgSO‘ precipitate are inanifest, 
since ‘not only globulin is brought down by the salt, but some proportion 
of syntonin. Consequently, in injecting this MgSO‘ precipitate into 
animals it is difficult to separate the action due to these two bodies. 
Possibly a better way would be to dialyse and collect the precipitated 
__ globulin from the dialyser, and finally to centrifugalise it. The collection 
of the precipitated globulin from the dialyser is a matter of some 
difficulty, even after centrifugalising. I therefore saturated the dialysed 
venom with MgSO* and submitted it to prolonged shaking (8—5 hours). 
The magnesic precipitate I sometimes dried, and at other times used 
wet from the filter, after washing it well with saturated solution. of 
magnesia. By comparing its action with that of the acid albumin 
before mentioned, I hoped to get at the toxic capabilities of the - 
globulin. 

Experiment XXIX'. Some freshly precipitated magnesia precipitate 
was scraped off a filter, dissolved in water and about M iv injected under the 
dorsal skin of a rat at 12.45. For some time it ran about as if no worse, but 
at 1.30 developed signs of dyspnoea, which rapidly became worse, until at 1.40 
_ the animal rolled over in asphyxia and at once died. There were no signs of 
any paralysis. The heart continued beating for some time. 

EXPERIMENT XXX". Freshly precipitated magnesia precipitate was dis- 
solved in weak salt solution and about 3 minims injected into a rat at 11.45. 
He soon afterwards shewed signs of distress at the place of puncture. In half | 
an hour his breathing was rapid, though the animal was still running about. 
- At 12.40 he shewed signs of dyspnea, which increased into marked paroxysms. 
Respiration became stridulous, convulsions appeared at 1.16 and ee 
became difficult, and at 1.30 he died asphyxiated. 


The injection of a syringeful of concentrated MgSO* into small 
animals, rats and guinea-pigs, quickly kills them, with symptoms of 
muscular weakness, ending in more or less complete paralysis, dyspnea 
and final asphyxia. These effects are however not noticed with weak 
solutions of the magnesic salt, and the effects above noticed cannot be 

due to this cause. Moreover, they are the same with globulin obtained 


1 These two experiments have been quoted in the-Indian Medical Gazette. 
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by dialysis, and without admixture of the salt at all, and they are 
undoubtedly due to the cobra proteid, and not to the MgSO*. Where 
small doses of concentrated Mg or Na’SO* (M x or less) have been 


followed by fatal effects, it required a period of several hours for their 


manifestation. They do not, at any rate, take place with the rapidity 
seen in the proteid poisoning. 

I think the globulin acts more . particularly upon the respiratory 
mechanism, since paralysis is not produced (in my rats, though I have — 
seen much muscular weakness, in a few), and the animal sooner or later 
becomes convulsed or dies asphyxiated. Locally there is much serous 


and sanguineous effusion at the point of hypodermic puncture, and 


curiously enough the heart will go on beating for a long time, even 
after removal from the body. This is very different from viperine 
poisoning, in which it seems possible that there is early embarrassment 
of the heart, and a speedy fall of blood pressure, sufficient to cause death. 
After removal of the Mg precipitate the filtrate is still very toxic, and 
animals (rats) injected with M v—x of it exhibit a form of ascending 
paralysis which is rapidly fatal, and which is in no way due to the 
magnesic sulphate in the fluid. | 

After previously saturating with MgSO* the venom filtered, and then - 


saturated with Na*SO* gives a precipitate, as mentioned before. A little 


of this precipitate collected on to a filter and dissolved in water gives a 
solution of the serum albumin. It is possible however that it may not 
be pure serum albumin. 


Experiment XXXI. M v of this fluid were injected into a rat at 3.20. 

3.25. The animal is tottery, especially in the hind limbs. 

3.29. Scarcely any use in the hind — but can use fore limbs. 

3.32. Rolls over. 

3.40. Still reflexes obtained in fore limbs and also from conjunctiva. 

3.45. Lying on one side, with twitchings of all four limbs. 

3.50. Respirations slowed and all reflexes lost. 

4.0. Respirations became very slow. 

4.5. Dead, 

The heart continues to beat for some time after death. 

EXPERIMENT XXXII. M v injected into a rat at 11.25. 

11.35 paralysis of all four limbs, first commencing in the hind limbs; 
reflexes are maintained until 12.5, respiration becoming slower and slower, all 
reflexes are finally lost, and at 12.45 the animal dies, perfectly paralysed ; the 
heart continuing to beat for a long time. 


It is to be noted that there is an entire absence of the asphyxiating 
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effects seen in the globulin poisoning, and the effects are those of a 
gradually ascending paralysis, with slow suppression of the respiratory 
acts, probably consequent upon paralysis. 

The globulin asphyxiating effects are remarkable, and I have seen an 
axial injected with a little of the magnesium precipitate, without any 
symptoms for half-an-hour, and then suddenly develope asphyxia, which 
terminated life in 10 minutes. As a rule, from the first, the globulin 
seems to accelerate the respiratory acts, and there is in the animals an 
exeited state of the circulation. Soon, however, they become quiet, 
breathing rapidly and with convulsive twitchings of the muscles, and 
finally end with dyspncea and asphyxia. The local effects produced by 
cobra globulin injection are not nearly so severe as those in Daboia 
poisoning, in which there is much hemorrhage, pain and inflammation, 
with sometimes gangrene following on the puncture of the hypodermic 
needle. 

I mention these experiments’, not as dntinivs, but as shewing some 
grounds for attributing certain actions to the different proteids of the 
venom. The difficulty of procuring sufficient venom, and the chemical 
difficulties of separating albuminates and albumoses from globulins 
and native albumins must be taken into account, especially i in = 
‘with small 


Conclusions. 


The’ experiments. here detailed lead me to certain definite con- 
clusions, but there are several points upon which I feel doubtful and 
which I hope to be able to clear up shortly. I have, however, not 
indicated any possible conclusion for which I have not had grounds, — 
sometimes of a much more conclusive nature to myself than I can at 
present maintain here. The difficulties of any research into the nature 
of such venoms are perhaps greater than would be imagined, The 
small and irregular supply is not the least, and though I owe great 
thanks to my friend Dr Vincent Richards, and latterly to the Indian - 
Government, for supplying me with dry cobra and daboia venom, my 
supplies have not been as large as I could have desired. 

The conclusions to which I come regarding the nature of cobra 
venom are 


1 I have performed a number of experiments of which the above are only part, but do 
not think it necessary to multiply space, since all tend to the above results, 
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1. That its toxicity is not due to any bacillus, bacterium, or living 
organism. 

2. It is not due to any alkaloid. 

3. It is not due to any hypothetical ‘cobric acid.’ 

4. It is wholly and solely due to the guscist constituents of the 
venom. 

5. These proteids constituents are — 

1. Globulin, which is always present and probably kills by — 
interference with the respiratory mechanism (asphyxia), and without 
paralysis—causing local inflammation, but not of great intensity (com- 
pared with daboia). 

2. An albumin resembling acid albumin, which is precipitated 
along with globulin by saturation, and which is in some degree 
dialysable. This proteid probably acts on the respiratory apparatus 
chiefly, like globulin, but less intensely. 

3. An albumin which is precipitated by Na’SO* out of the 
magnesic filtrate, and which is serum albumin. This is also toxic, and 
produces a kind of ascending paralysis with fatal termination, by 
suppression of the respiratory function from probable paralysis of the 


_ muscles concerned in respiration. 


4, Traces in some specimens of hemialbumose, and questionable 
traces of peptone. I regard these as accidental, and acai due to the 
length of time the poison has been kept. 


My experiments with cobra venom are not as complete in some 
particulars as I could wish, and I hope to continue them*. In conclusion 
I beg to thank my friend Dr Vincent Richards in India and the 
Surgeon-General for India for supplies of the venom, and also Sir 
Joseph Fayrer and Professor Schafer, for personal kindness during _ 
the conduct of this research. 


1 While this paper has been in the hands of the printer I have received from Dr Vincent 
Richards a copy of a most interesting little book just published by him (Landmarks of 
Snake Poison Literature), which contains much valuable matter in reference to this 
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me THE NATURE AND ACTION OF THE VENOM 
OF POISONOUS SNAKES. 


II. A Nore upon THE VENOM OF THE INDIAN VIPER 
RUSSELLI). 


By R. NORRIS WOLFENDEN, B.A. M.D. Cantab. — 
(From the Physiological Laboratory, University College, London.) 


I HAVE by the courtesy of the Surgeon-General of India received a 
small portion of Daboia venom. The Daboia Russellii or Russell’s 
viper is the most typical of the Indian viperine snakes, and it is of 
great interest to compare the constitution of this venom with that of the 
colubrine snakes, or cobras. 

The dried venom is very similar to that of the cobra, the proteid 
scales, if anything, being a little yellower in colour, and finer and more 
glistening than the dried cobra venom. _ It is, like cobra venom, soluble 
in water, the solution not being quite clear, (containing epithelial 
scales), and frothing on shaking like an albuminous fluid. It is also, 
like cobra venom, acid in solution. 

On boiling the solution, there is first an opalescence followed by | 
coagulation. When the coagulum is filtered off, a solution is left which 
still contains some proteid. There is in Daboia venom therefore some 
proteid other than globulin or serum albumin. I will refer to this 
again, 

Passing a stream of CO? through Fabois venom well diluted, 
produces a fine precipitation in the fluid of globulin, preceded by 
opalescence. 

Upon dialysing the venom, there is at the end of three or four days 
a whitish yellow deposit of globulin on the dialyser. 

Neutral salts, MgSO‘, NaCl, and ammonic sulphate, produce pre- 
cipitates in Daboia venom. These precipitates are, like those obtained 
from cobra venom, very fine and difficult to remove. | 
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I have obtained clear evidence of three proteids in Daboia venom, 
which I will proceed to discuss. 

1. Globulin. Saturating the Daboia solution with MgSO‘, produces 
at once a precipitate. The fluid was shaken for three hours and 
allowed to stand till the precipitate had fallen in a compact cloud. It 
was then filtered off, through a filter well wetted with concentrated - 
MgSO‘, and the filtrate was quite clear. The precipitate was washed 
with concentrated MgSO‘, and finally dissolved up in water. It yielded | 
a proteid solution, coagulating at 75°C. 

(b) A second method I have used, was to dialyse the solution for a 


few days and collect the small amount of precipitate from the dialyser 


and centrifugalise it. real is } not so good a method as the saturation 
method. 

(c) I also OT all. the proteids by ammonium sulphate 
added to saturation with subsequent shaking, dissolved up the pre- 
cipitate in water, and submitted it to dialysis. After two or three days 
dialysis there was a greater amount of globulin on the dialyser than 
after the previous method. 

(d) By passing a stream of CO* idinsiagh the solution diluted 10—12 
times with water, I obtained a small amount of globulin. 

There is nothing in this globulin to distinguish it from other bodies 


of the same name. 


In the three last mentioned methods the globulin was collected by 


| es and throwing on to a filter. 


Temperature of of the globulin. 
This is the same as that of other globulins, viz. 75° C. 


EXPERIMENT I. 10 c.c. of the solution of globulin prepared by saturation 
with MgSO* were taken, acidified with 3—4 drops of 2°/, acetic acid, and sub- 


Opalescence 68° C. 
Coagulation 75°C. 


Experiment II. 10c.c. of an untreated solution of Daboia venom were 
acidified with 3 drops of 2 °/, acetic acid. 


Opalescence 68° C, 

- Coagulation 75° C, 
‘Experiment {II, 10 c.c. of the same solution were acidified with 5 
of 2°/, acetic acid, making a very acid solution. 


1 T used Professor Schiifer’s apparatus for this purpose. 


| 
- 
4 
4 
?. 
2 
4 
4 
i 
4 
; 


VENOM OF DABOIA. 359 


Opalescence 65°C, 
Coagulation 73°C. 
: een of acidity always lowers the coagulation points of proteid solutions, 


At the risk of repetition I may state the reasons for warned 
concluding the presence of globulin in Daboia venom. 

1, Its precipitation by MgSO‘, NaCl, and (NH*)*, 

2. Its precipitation by CO*. 

3. Its coagulation at 75°C. 

4. Its being thrown out of solution by dialysing. 


2. Serwm albumin. After removing the MgSO‘ precipitate and 
resaturating and shaking with MgSO* in order to remove the last trace 
of globulin, the addition of Na*SO* in bulk to saturation and subsequent 
shaking brings down a small quantity of another proteid. The amount 
of it is very small, just as in cobra venom, and owing to this and the 
difficulty of collecting small quantities of proteids, I was unable to 
determine the coagulation point accurately. 

After taking three samples of this proteid dissolved up in water (the 
sodic precipitate thrown on to a filter, washed with sodic sulphate and 
dissolved in water), I could not determine a coagulation more definitely 
than that there is distinct opalescence between 75°—80° C. in specimens 
made acid with a few drops of 71, © acetic acid. That this body is serum 
albumin I conclude from 

1, The precipitation of the magnesic filtrate by Na*SO*. 

2. The occurrence in the solutions of the soda precipitate of an 


opalescence on boiling, within the range of coagulation — of 
serum albumin (70°—80° C.). 


3. Albumose or Syntonin. After boiling solutions of Daboia venom. 
to 95°C. and removal of the coagulated proteid there is still some pro- 
teid left in the filtrate which is not globulin or serum albumin, since 
I boiled the solutions three times and filtered twice or three times 
through double folds of filter paper. As this proteid gives a precipitate 
with acetic acid and potash ferrocyanide it cannot be peptone. It will 
be convenient here to refer to the results of dialysis of the venom. 
Dialysing a watery solution of Daboia venom, I examined the dialysate 
at intervals for trace of proteid. At the end of 4} hours, the outside 
fluid was faintly acid, but yielded no evidence of proteid, even after 
concentration (xanthoproteic, biuret, acetic acid and ferrocyanide, picric 
acid, and tannic acid tests): After 10 hours dialysis, examined again 
after concentration, there was still no evidence of proteid. 
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Examined at the end of 24 hours the same result was obtained. 

After three days dialysis there was a slight trace of proteid in the 
dialysate, which was also faintly acid. At the end of ten days dialysis, 
there was very evident proteid in the dialysate, which after concen- 
tration gave not only the xanthoproteic, but the acetic acid and ferro- 
cyanide test and could not therefore have been peptone. The dialysate 
was distinctly acid. There is no peptone in Daboia venom for the 
following reasons : 

1, Saturation of the fluid by MgSO‘ and subsequently by Na’SO* 
removed all trace of proteid. Double saturation by these salts will not 
remove peptone from solution. 

2. Boiling a solution of Daboia venom after Hofmeister’s method . 
with ferric oxide, removed all trace of proteid from the solution. 

3. The proteid which dialyses after prolonged dialysis is not pep- 
tone, since it is precipitated by acetic acid and ferrocyanide of potash. 

With regard to the proteid that is left in solution on boiling Daboia 
venom and removing the coagulum, it is possible for it to be either 
acid albumin or albumose. Unfortunately I have not yet had sufficient 
Daboia venom to make this clear, but I am of opinion that some portion 
of it at any rate is albumose. I find that the solution is 

i. Precipitated by acetic acid’ and this precipitate is not completely 
soluble on adding excess. 

ii. The addition of HNO’ produces a slight precipitate which is 
dissolved on warming and comes down again on cooling. 

iii. It is precipitated on adding NaCl to saturation though slightly. 

iv. It is precipitated by acetic acid and potassic ferrocyanide. 

These characters make it bear a strong resemblance to the albumose 
group. I have in a previous communication’ referred to the probability 
of the bodies called by Weir Mitchell and Reichert peptones, being 
albumoses. These bodies were found in the venoms of certain American 
snakes, notably Crotalus and Toxicophis (mocassin) venom’. 


The physiological effects of the poison. 


Having had only a very small quantity of this venom to work with 
I am not able to say very much at present on this head. I have how- 


1 The precipitate produced in boiled or unboiled and filtered specimens by strong acetic 
acid and which is Mucin must not be mistaken for this, : 

2 See preceding paper. 

3 Med. News, April 28, 1883, 
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_ever made some experiments with the globulin venom, which I will 
refer to. 


The ordinary symptoms of poisoning by Daboia venom are not con- 

stant and generally fall under one or other of the following descriptions. 
1. Death from primary convulsions. 
2. Death from convulsions and paralysis. 
3. Death from blood poisoning. 

The local effects of Daboia poison are usually very great. In fact 
viper poisoning usually produces greater local injury than colubrine 
poisoning and severe local effects are often the result of poisoning by 
such a comparatively weak viper as our common English Pelias berus. 

Injections of a syringeful (hypodermic) of the solution of Daboia 
venom I used for the foregoing experiments failed to produce the 
customary and typical convulsions which usually follow Daboia poisoning, 
even in birds (which are said to be unusually susceptible to this con- 
vulsive power in the poison). 

Injections of the globulin were followed by severe local symptoms 
and chronic poisoning, followed by death and with some — of 
the respiratory system. 


_ Experment. The magnesium sulphate precipitate was dialysed for several 
days, the opalescent solution from the dialyser centrifugalised. The white 
precipitate collected and dissolved up in water. This formed a solution _ 
strongly proteid. 

ee eee Merkle of the back of a healthy rat at 
3.10 on Nov. 10th. 

3.22. Quiet and seems sleepy. 

3.25. Trying to lick wound. 

3.30. Keeps leg drawn up. 

3.35. Quiet and drowsy. 

3.40, Licking the wound vigorously—seems rather weak on its legs, 
probably because one leg kept drawn up to the body. 

3.42. Has had one or two spasmodic jerks of the whole body, but runs 
about at intervals. 

- 4,20. Breathing natural. Apparently well, except for the wound hurting. 

The animal was left and not seen until next day. 

Nov. 11. 2.30. The animal is quiet, coat staring, breathing rapid and 
shallow, the leg and foot on the injected side black and quite gangrenous. It 
died during the afternoon. P.M. There was gangrene for considerable distance 
round the site of puncture of the needle, with bloody extravasations into the — 
connective tissue of the back and the other signs were the same as detailed in 
the next. case. 
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Globulin prepared. by precipitation with H*)*SO* 

subsequent dialysis, was dissolved up in water. | 

A syringeful (M xx) was injected under the skin of the back of a bealthy 
rat at 2.45 on Nov. 11. 

2.50. Respiration hurried—pain at the spot. 

2.55. The animal develops a number of laryngeal spasms, and tos 
breathing, which is obviously embarrassed. This lasted until 4 p.m. when it 
was left. Death occurred during the night. 

P.M. Great pulmonary congestion. Heart contracted, Blood dark cleared 
and fluid. Liver congested. Trachea containing blood-stained fluid. Round 
the spot of injection most remarkable hemorrhages for a great distance, of 
dark venous blood, and a little frothy exudation (not so much of this as in 
Cobra globulin). Small intestine very much stained with bile. No heemor- 
rhage in the intestine. 


The globulin in these two cases did not produce the convulsions 
typical of Daboia poisoning, but that might have been because it was 
not a sufficiently strong solution. There is evidence of embarrassment 
of the respiratory mechanism and strong evidence to shew that it 
produces not only great local effects, even gangrene, but a congested 
condition of internal organs, as well as most remarkable local hzmor- 
rhages. I cite these two experiments, not because I as yet claim any 
particular action for the globulin, but because I think they are of 
interest. Daboia venom has not before, I believe, been chemically 
examined. It appears to be difficult to get, as I have only succeeded 
in obtaining one small specimen of it from India during the year. 


Comparison of Debora and Cobra Venom. 


In my previous: paper I have shewn that Cobra venom contains 
three proteids, 

1. Globulin, 

2. Acid Albumin, 

3. Serum Albumin, 


the latter only in small quantities however. I have mentioned also the 
occurrence, which was exceptional, of an albumose, 

It is interesting to observe that in Daboia poison we have three 
proteids also. In both a globulin predominates. Both contain a small 
quantity of serum albumin, the one, Cobra venom, contains besides an 
acid albumin, and the other, Daboia, a nearly allied proteid, which I am 
inclined to think is an albumose. The results of Weir Mitchell 
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and Reichart in examining Crotalus, Copperhead, and Mocassin 
poison, point to the presence of globulins and albumoses in these 
venoms. True peptones do not occur in these venoms (Cobra and 
_ Daboia), and the bodies described by the American observers in their 
venoms, under the name of “peptone” are, ¢ as I have said before, in 56 
probability, albumoses. - 

The power of the venom in all these snakes appears to. reside in the 
proteids. Why should proteids in these cases be so strongly poisonous? 
It would not be desirable to discuss this question now, but I may 
suggest a few reflections. The proteid molecule is still little understood 
and it is not unreasonable to suppose that in some cases its arrangement 
may produce a poisonous body. In peptone itself we have an example 
of a toxic proteid, since injections of this body into the circulation reduce 
the blood pressure rapidly and remarkably’. At least some viper poisons 
appear to do the same. Albertoni’® experimenting with viper poison 
from Vipera Redi, concluded in the following manner : 

1. Blood pressure is lowered by viper poison; and this may be 
both quick, and great in amount. 

2. Between these blood pressure changes and quickness of death 
there is a certain relation. 

3. If the blood pressure sinks to about 50 mm. death follows in a 
few minutes. 

Viper poison has some considerable effect upon the blood itself, and 
many competent observers (Sir Joseph Fayrer and others) have 
noted the fluid condition of the blood after death by Daboia poisoning. 

It is of interest to call to mind the effect of ordinary peptone when 
injected into an animal. The blood loses its coagulability for some time 
and blood pressure is notably and rapidly lowered. If one albumin can 
be poisonous, there is no reason why others should fot be. It is not to 
be contended that all albumins, or all globulins, or all albumoses should 
be exactly alike, arid there is no antecedent improbability in the supposi- 
tion that a rearrangement of the albumin molecule, without altering the 
ultimate composition of the body, and without depriving it of any of 
the characters making it typical of the class to which it belongs, should 
make it a poison, Until we know better the meaning of the terms 
‘proteid,’ ‘poison,’ we can not deny the possibility of proteids being, 
under certain conditions, poisonous, or harmful to the economy the 


1 Schmidt Mulheim. Archiv f. Anat. u. Physiol, 1880, 33—55. 
2 Albertoni. Molesch-Untersuch. Bd. x11. 1881. 
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balance of which hangs on such delicate and little understood factors. 
If we once get rid of the idea that every ‘poison’ must be an ‘alkaloid,’ 
we may the more easily comprehend how proteid secretions like snake 
venoms may become physiological poisons to the system. 

There is no doubt that certain albumoses are more or less poisonous. 
Politzer’s experiments with the albumoses separated after Kiihne’s 
methods are instructive. 
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ON ‘COBRIC ACID’, A SO-CALLED CONSTITUENT OF 
COBRA VENOM. By R. NORRIS WOLFENDEN, 
M.D., Cantab. 


In 1876 there was published in The Analyst a paper containing an 
account of a chemical investigation into the nature of cobra poison’, 
in which it was stated that a poisonous body of great power had been 
obtained by the investigator, and for which he provisionally proposed 
the name of cobric acid. The views which I hold, in common with 
Weir Mitchell and Reichart*, and which have been expressed else- 
where (and which were embodied in a short account read to the Royal 
Society on Dec. 17, 1885), would be negatived if cobra poison were 
proved to contain any such body as the ‘cobric acid’ described by 
Wynter Blyth. In the preliminary account, which was read before 
the Royal Society in December last, I stated that I had not obtained 
any such body from the dialysates of cobra venom,—the dried venom 
being dissolved in water and dialysed through parchment paper—I 
have since then made a thorough investigation into this matter, and 
have I believe succeeded in determining what this so-called ‘cobric. 
acid’ really is. I will first refer to the original paper, in which the 
method of obtaining ‘cobric acid’ is described by its author, and quote 
the following from his account: 

“It may be obtained by coagulating the albumen with alcohol, 
“filtering, driving off the alcohol at a gentle heat, concentrating the 
“liquid to a small bulk, precipitating with basic acetate of lead, 
“collecting the precipitate, washing it, and subsequently decomposing 
“in the usual way by SH’, removing the sulphide of lead, evaporating 
“to a small bulk at a gentle heat, and finishing the evaporation 
“spontaneously or in a vacuum, or it may be obtained by coagulating 
“and separating the albumen as before, shaking up in a tube with 


| 1 The Poison of the Cobre de Capello, by A. Wynter Blyth: Analyst, Vol. 1. 1876, 
p. 204. 
2 Lancet, July, 1883. 
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“ether, removing the ether in the usual way, evaporating the ether off, 
“redissolving in water and passing through a wet filter to separate fat, 
“and evaporating as before; in either case the result is microscopic 
“needles, dissolving in water with an acid reaction and possessing 
“highly poisonous properties ; they appear to be identical with va 
“needles obtained by sublimation.” 

Blyth also states that at temperatures above 270°C. there is 
a sublimate “under favourable conditions” of microscopic needles, and 
also that “when a solution of the poison was put into a dialysing 
“apparatus the outer liquid soon became acid, and on injecting small 
“quantities of it under the skin of various animals the usual fatal 
“symptoms of cobra poisoning rapidly manifested themselves.” ; 

Blyth also states that in cobra poison “there is a minute quantity 
“of fat always present,” and that “sugar, glucosides, and alkaloids are 
“absent.” I may here remark that with regard to this latter statement 
as to the absence of alkaloids I am entirely in accord with Blyth, and © 
also with Professor Wolcott Gibbs, of America. 

In criticising Blyth’s account, it will first be necessary to draw 
attention to the fact that no analysis of this ‘cobric acid’ is given, and 
that moreover no test reactions are indicated. Further, no experiments 
are detailed in support of the assertion that the ‘microscopic needles’ 
which dissolve in water with an acid reaction possess really any ‘highly — 
poisonous properties’; and it seems possible to imagine, as was suggested 
to me, that Blyth has merely drawn an inference as to the toxic power 
of this substance. Doubtless, he obtained from cobra venom after his 
method of treatment crystals such as he figures, but, as I shall shew, 
these crystals are not ‘cobric acid’, but harmless sulphate of lime. 

It seems to be uncertain from Blyth’s account how far alcohol was 
efficacious in removing the proteids, since he does not state how long he 
left the venom under alcohol, nor the kind of alcohol he used. 

I have made two series of experiments with cobra venom, in the 
endeavour to isolate Blyth’s ‘cobric acid.’ In the first series I placed 
a watery solution of cobra venom under a large excess, at least five or 
six times its bulk, of absolute alcohol, for four weeks, before removing, 
by filtration, the cvagulated proteids. This method I adopted, in 
order to ensure as complete coagulation of the proteids, by the alcohol, 
as possible. The filtrate was then treated by the two methods suggested 
by Blyth, that is, one portion, treated by the basic acetate of lead 
method indicated above, another portion by the ether method, also 
indicated before. I used rectified ether, for the sake of purity. 
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From the portion treated by what I may term the lead method, I 
obtained only a very small lead precipitate, which when collected on a 
filter, washed with basic acetate, dissolved up in water, split by H’S, 
and then treated by evaporation, at a gentle heat, or spontaneously’ 
and finished, either spontaneously or in the vacuum of an air-pump, 
yielded me at first nothing resembling Blyth’s crystals, as figured by 
him. I evaporated down in this manner, both on glass slides and glass 
capsules, a large number of specimens, without having encountered the 
crystals of ‘cobric acid.’ Of the portion treated by ether, and evaporated 
down spontaneously, taken up with water, “passed through a wet filter” 
and evaporated down spontaneously, on slides, I obtained only some 
crystals of fatty acid, easily soluble in chloroform, and ether and benzole. — 
I obtained no cobric acid crystals. 

In another portion of the alcoholic filtrate treated with basic acetate 
of. lead (and in which I used other distilled water) I got, after passing 
H’S through the solution of the lead precipitate,.a number of rhombic 
crystals, which I subsequently identified as sulphate of lime*. I did not 
get exactly the form of crystal figured by Blyth, but this I have 
subsequently obtained. The residue on evaporating down after the 
lead method amounted only to a very small white film. The ether 
residue was the same, and consisted chiefly of fat, the residue after 
now filtering the aqueous solution being almost nil. The residues after 
the lead treatment, and after the ether treatment, were injected into 
rats as follows: 

1, A rat injected with a hypodermic syringeful of the watery 
solution of the residue after treatment PY the lead method. No effect 
whatever, | 

- 2. Another rat treated in the same manner. No effect. 

3. A rat injected with watery solution (a syringeful) of the ethenial 
residue, No effect. whatever. 

4, Another rat treated the same way. No effect. 

5. Another rat treated the same way. No effect. 

Whatever these rhombic crystals were, and I did not appreciate 
them fully during this time, they were not poisonous, as these 
experiments proved. 

Objection being taken to my having left the proteids under absolute 
alcohol for a month, and having subsequently used rectified ether, I 


1 This first series of experiments being conducted in Italy, where the sun’s heat was : 
powerful during January and February, I had no need to employ heat in the oe 
2 I believe the solution was contaminated with H*So‘. 
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on my return to England in April started a new series of experiments 
with a specimen of the dried venom I had by me, in which I left the 
watery solution of the venom under rectified spirit (an equal bulk) for 
only twenty-four hours, filtered from the coagulated proteid and treated 
according to Blyth’s two methods, using however methylated ether, 
instead of rectified. In evaporating the solutions at ‘gentle heat’ I 
did not allow the temperature to pass 40°—60°C. and kept for the most 
part below 50°C. I obtained some rhombic crystals after the lead 
method, not however after the etherial method, and afterwards 
evaporating down on glass slides (and in vacuo, or spontaneously, after 


the lead treatment), in most cases, a slight whitish residue, not very — 


soluble in water. This I determined eventually to be calcium sulphate. 
When the residues from the lead and ether methods were concentrated 
down to small bulk and injected into rats the results were negative. | 

(1) A rat was injected with a syringeful of the lead residue. No 
effect. 3 

(2) A.rat was injected with a syringeful of the etherial residue. 
No effect. | 

In this second series of experiments the result was therefore negative. 
In many of my evaporates, examining the glass slides taken from under 
the air-pump, before quite dry, I found the identical crystals figured by 
Blyth, agreeing in appearance, size and shape. It was evident however 
that they were not poisonous. 

If my experiments had ended at this point I should have regretted 
that they were merely negative. I am however able to carry it a step 
further, and affirm that Blyth’s crystals of ‘cobric acid’ are nothing 
more than sulphate of lime. I have prepared identically the same 
crystals from the distilled water used in our laboratories, by the 
addition of a little dilute H*SO*, to a drop of the water. These crystals 
are not very soluble in water except in large excess. They are soluble 
in concentrated H*SO*, and from this are recrystallized in the anhydrous 
form. The filtrate of the venom from which the proteids are removed 
by alcohol will yield the same crystals when evaporated down with 
H’*SO*. The venom after treatment with the basic acetate (as in 
Blyth’s lead method) and the lead precipitate split by H’S, filtered 
free from sulphide and evaporated down, becomes turbid as evaporation 
proceeds, This is due to the lime being thrown out of solution by the 
loss of water. It is further thrown out of solution by the addition of 
absolute alcohol, and is precipitated at once by baric chloride. There is 
no question as to its being sulphate of lime. I have shewn to persons 
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whose opinion is weighty, specimens of distilled water (in London) 
treated with H’SO*‘, and they have concurred in my view that the 


crystals so obtained were identical with Blyth’s crystals of cobric acid. 


I will add, that on subliming several specimens of cobra poison (dry), I 
have not met with these crystals in the sublimates. 


Fie, 1, 


Cobric Acid. 250, Copied from Blyth’s paper. 


With regard to Blyth’s assertions that the dialysates of cobra poison 
are toxic, I quite agree with him, but the poisonous property acquired _ 
by these dialysates is entirely due to the proteid which diffuses through 
the parchment paper, and which is not inconsiderable. When this — 
proteid is removed by treatment with ferric acetate, the resultant 
fluid is innocuous, as I have elsewhere shewn. | 

The alcoholic precipitate of cobra poison, which vonieteadk on the 
filter, I washed several times with rectified spirit, and finally dissolved 
in water. Though some portion of the proteid was insoluble, a con- 
siderable amount entered into solution. 

Of the solution so obtained I injected Mx into a young healthy rat, 
and into another rat (quoted above) at the same time a syringeful 
(Mxx) of the concentrated residue after the lead treatment. The rat 
injected with the proteid solution, died in less than an hour, with all 
the usual symptoms of cobra poisoning, ascending paralysis, loss of 


Yeflexes, and final asphyxia. The other animal shewed no sign of — 
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- date the result that the crystals are the same, 
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poisoning at all, I have already advanced the opinion in common: with 
Weir Mitchell and Reichart, that the venom of snakes is proteidin _ 


Crystals of Sulphate of Time, x 250, On the left-hand side, from cobra venom; onthe 
right-hand side, from “ distilled” water, those at ee eee 
Bly th’s cobric acid is and anyone may 
© prepare identically the same crystals from distilled water or tap water, = | =*+& 
by the addition of H’SO* and evaporation. Whether cobra venoms i 
contains free calcium sulphate, or whether it was formed by contamina- = 
tion by H’SO‘ and formation of Ca*SO* by action on the lime in the =f 

water used for making solution, I am uncertain, This does not invali- oS | 


_ The specimen of cobra poison contained a good deal of fat, i I 
obtained good crystals of fatty acids, I also obtained crystals closely 
resembling Leucin, and like them tinged yellow by the xanthoproteic 
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-'} _s PEPSINOGEN AND PEPSIN. Br J. N. LANGLEY, MA, 


Trinity College, Cambridge, J, 8. EDKINS, BA, 


A ‘ota experiments was to determine whither 


It has been shown by-one of us* thet pepsin is miach more rapidly 
| Re destroyed than pepsinogen by a dilute solution of sodium carbonate ; 


hunger and during digestion. 

first repeated with modifications the experiment previously 
given by one of us.to determine the relative amounts of pepsinogen and 
pepsin in an extract. Later we found a better and simpler way of doing 


“EXPERIMENT. 


(Cat) in Hunger. (Old Method.) 


July21, 1885...Cat fed with meat up to 5-o'clock. On next day at 2.90 9.x. 
| sive be: heute 2.35 kill by tying 
trachea, Stomach is empty, but moist with acid fluid. Cut it open aud 
wash it for a few seconds in ‘05 p.c. Na,CO, Remove excess of fiuid with 
blotting paper, Cut away pyloric region. Tear off musoular coat; and spread 
out mucous membrane flat on blotting paper; scrape off most of the superficial 


Jan, 1963. 


and from the effect of sodium:carbonate upon an aqueous extract of the ee 
a. gastric mucous membrane, the. conclusion was drawn that the gastric 
glands contain pepsinogen, but do not contain an’ appreciable. amount of 
7 a pepsin. The complete absence of pepsin, however, was nob proved, it 

; was only rendered probable, Further no account was taken of the — 
possible difference in the amount of pepsin in the gastric. dating 


this, | 


Ament end Pegi the rie 


‘mucous epithelium ; wash again for a necond or two in 05 po. Na,O0, 
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Chop up mucous membrane and (2.42) place the pieces in 100 ¢.c. of Na,CO, 
025 p.c. at 30°C. Keep at 30°C., stirring occasionally until 3.7 ( = 25 min), 
— 3.15. Residue on muslin placed in 100 cc, 025 p. c. Na,CO, and kept 
i= at about 30°C. until next day, when (12.0) strained through muslin and 
filtered. Filtrate= Extract IJ. 
a Extract I. §1. 
ay | 3.21. Place at 30°C. 20 ce. Extr. 14-20 ce. AO “4 pez in 28 min, add 
Ag 92ec. NaCO.15pe'=P, | 
3.48 To Extr. I, which hed been kept in iced water, add s 
mixture of (20 cc, HCl -4 p.c. + 9°20, 13 p.c.)=Z. 
= er When in the remainder of thie; and in other experiments, the amounts 
| of two or more fluids are enclosed in brackets. as here, tt will be 
understood that a mixture of the mentioned amounts of the fluids 
is meant. 
Both P and Z are neutral ; 
Place in a water bath at 37° 0. 
(2) 10cc. 27+10cc, Na,CO, 2 pc. 
And also a similar set (p,) (z,). 
11-6¢.c. HCl 1 p.c. Both are then just acid; (2) is a little cloudy. 
aa To (10 Na,CO, 2 pc. +116 ¢.c. 1 p.c.) add 1000. 
‘Toa similar mixture add 10c.c,Z=Z,. 
(P,) and (Z, servo as standards to measure the lous of digetive 
power iat (p) and (2). 
431. Place at 37°C.— 


(p) 10 cc. (p) + 10ce. HC swollen 


Sinha if 


10c.c. (P,) + » + ” 
(4) 10 cc. +. ” ” 


anhydrous salt contained a small amount of impurities, the actual amount of sodium ee 
carbonate was thus somewhat less than that given. In a few experiments, in which we 
thought it desirable to use a perfectly definite amount of the salt, we titrated the solution. 

* The fibrin was stained with carmine after the method given by Griitzner, then kept 
in a smal} amount of ether, when required for use it was washed with water, placed in 
HCl -2 until swollen, then measured in small glasses holding just one or two ¢.c. In the 


succeeding experiments when fibrin is spoken of, 
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It will be noticed that (p’) (¢) (P,) sll contain the came amount of 
extract (rather more than 1 6.¢.), of salt, and of seid. The peptic power was 3 


| VI | Nearly all dissolved. 


then left at the temperature of the room (about 17°), in hour 


7 to 5 of the fibrin was dissolved. 
Here (Z, ) digests in the first five minutes more slowly than (P), this was 
due to thie peesntios of pephinogen tn the former’; in most cases we have added 


the acid before the fibrin in order to change the pepsinogen in the extract ae 


into pepsin. 


warned with 1 pc Na,CO, for 48 min. With these made experiment as 
with (p) and (2); they differed from the preceding set (§ 1) chiefly in the 


Extract IT. 


with some slight modifications, 


In making (P), the sodium carbonate was added drop by drop to the — 


acidified extract, instead of being at once poured into it. 


Farther (p) and () wore warmed with aodium carbonate for 16 min, 


instead of 20 min. 


The results obtained were as follows: 


zy vu Small amount only lett 
Trifle more residue. 


43 min; here as in the. 
whole ofthe power was destroyed, 
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(ez ’) and (Z,'); the only difference in the preparation of these was that 
in (P’) the acid and the alkaline salt were added separately,-whereas in 
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In this experiment we notice that 
1. There is a difference in the digestive sai of ‘the standards 


(Z,) the acid and the alkaline salt were added together. Hence then, the 


mere act of neutralizing an acid pepsin solution with sodium carbonate — 


15 pc. is sufficient to destroy an appreciable amount of pepsin. — 


If the acid fluid be cooled and the sodium carbonate solution added § in 
small drops, during continuous stirring, there is very little destruction of 


pepain. 
| Henoe, as the standard with which to compare the lose of digestive 


power of the aqueous extract consequent on warming it with sodium 
carbonate, (Z)—the aqueous extract to which the proper amount of salt 


- has been added—must be taken, instead of (P)—the aqueous extract: 


which has been acidified, warmed and then neutralized. 
Of course if very dilute sodium carbonate be taken, there is prac- 


tically no destruction of pepsin on neutralizing, but this ws can id 


dilutes the extract. 


2. Much pepsinogen must have been present in the gastric glands 
of the animal here experimented on, since the aqueous extract after 


being warmed with Na,CO, 1 p.c. for twenty minutes had still very 


considerable peptic power. Further the loss of peptic power which it did 


sustain—indicated by the difference between the rates of digestion of 


(2) and (2Z,)—must be largely due to the destruction of pepsinogen, 
since the loss was very much greater on warming the extract with the 
alkaline salt for forty-eight minutes (§ 2) than it was on warming it for 
twenty minutes (§1), In twenty minutes any pepsin gs would have 


been 


4. 


On the Destruction of Pepsin by Na,CO; 


The destruction of pepsin during neutralization in Exp, I indi- 


cated that a very brief treatment of an extract with Na,CO, might 
be sufficient to destroy the greater part of its pepsin. Hence we made 


experiments on various pepsin extracts to determine pesca the 


rate of destruction. 
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and thickuess were used. 


0n ts Ret of of Pin by 


dee 6, 1885, Dissolved 4 grm. of Jensen's‘ pepsin crystals’ i in 100 


HOI ‘4 p.c., put in water bath at 375°C. for 30 min.; then added 48 «0, 


Na,0O, 2 p.c,; filtered. Filtrate is neutral ; add an equal volume of -05 p.o. 
‘Na,CO,, thus obtain a pepsin solution of slight alkalinity (025 p.c. Na,CO). 


dug. 6. Mixed (25 Na,0O, 2 po. + 40.00, HO) 1 pc.) with 26 


pepsin solution to make a standard solution = (1). 


Put 25 of Na,CO, 2 in water bath at 55° when the Guid 
reached 55°C. mixed it with 25 co. of pepsin solution at 16°C. In 30 sec, 


add the mixture to 40 c.c. HCl 1 p.c. in a beaker = (2). 
(1) and (2) contain the same amounts of popes solution, NaCl and Hol 
(of latter about “2 p.c.). 


In order to compare ‘the relative digestive power of ay and (2) it was 
necessary to dilute (1) and to dilute it with a fluid containing the same 


amount of salt as (1). The diluting fluid was prepared by going cd the 
: same process as in making the pepsin solution, thus : | 


Took 50 cc, HCl p.c. + 24 oc. Na,CO, 2 p.c. +Ticc, Na,0O, 


of this took 50 c.c. and added to it 50 Na,OO, 
= diluting fluid. 


Take 20 of this = (S)) 
Mix remainder with 20.0. diluting fluid. 
‘Take 20,c, of this’ =(3). 

Mix remainder with 20-00, diluting fluid. 

Take 20.c.c, of this =(S,). 

_ Mix remainder with 20c.c. diluting fluid. 

20¢.c. of this =(S,,). 

Take also 20c.c. of (1) =(8S,) 

and 20c.c, of (2) (a), 


Thus (S,) and (z) contain the same amount of pepsin solution diferentty | 


treated, (S,) (S,) (S,) (S,,) contain respectively 4, 3, 3, yy of the amount of 


pepsin solution contained by (§,) and (x) with the same amount of salt and acid. | 


To each add 2 6.0. fibrin, and place in water bath at $7-5" 0." 


1 In the following experiments when diluting iid” i mpoken of it willbe understood 


that it is made on the principle given here. 
Wes specially prepared test-tubes of the same size 
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It is not necessary to give the various stages of ‘digestion, the fluids 
dissolved the fibrin in the following order’ : 


(%) (S,) (S,) (#) (S,,)5 (@) being nearer to than to (5,,). 


Since (S,) contains } and (S,,) #4, of the pepsin in (S,) and of that 
originally present in (#), and since (#) only differs from (S) in having 
been mixed for 30 sec. with an equal volume of N a,CO, 2 p.c.; it follows © 
that Na,CO, 1 p.c. at 55°C. when added to a pepsin solution at 16°C. 
destroys in 30 sec, about ;%,ths of the pepsin. In some experiments — 
with Jensen’s crystals we have found a greater proportion than this 
_ destroyed in corresponding circumstances, but the actual proportion is of 
~ little value, since, as will be shown later, it depends upon the amount of 
peptone present. In commercial pepsin the amount of peptone is always 
considerable. 

In the following experiment the effect of varying the duration of the 
action of Na,CO, on pepsin was tried. 


EXPERIMENT IIL. 
Effect of Time on the Destructive Action of Na,CO, on Pepsin. 


July 31, 1885. 4 grms. Jensen’s ‘crystals of pepsin’ added to 100 c.c. 
IiCl ‘5 p.c., placed in water bath at 38°C. for 30 min. neutralized with 
Stee. Na,CO, 2 p.c.; filtered. The filtrate gives a neutral pepsin solution. 

Put into water bath at 37°C. equal volumes of the pepsin solution and of 
Na,CO, 2 p.c. In about an hour, mix the two together and stir. | 

In 30 sec, after mixing, take out 10 c.c. and add it to 10¢.c. HCl 1 p.c. =(1). 
In 1 min. after mixing, take out 10 c.c. and add it to 10 c.c. HCl 1 p.c. = (2). 

Treat similarly 10 c.c. after 15 min., 20 min., 25 min., 90 min. = respec- 
tively, (3) (4) (5) (6). 

Tuke also 5 c.c. pepsin solution + (5 c.c. Na,CO, 2 p.c. + 10 ¢.c. HCl 1 p.c.) = (S). 

To each add 2 c.c. fibrin and place in water bath at 37° O. 

In 25 min. ths of the fibrin in (S) was dissolved; in (1) and (2) 
possibly a trace of fibrin was dissolved, in the rest none. 


1 In nearly all cases one test-tube with acid, salt and fibrin but without extract was 
taken, in order to be certain that the fibrin did not contain any pepsin which might 
dissolve it on addition of acid. Since the fibrin in the acid alone was not in any instance. 
dissolved, we have not thought it worth while to mention this control test-tube in the 
steceeding experiments. 
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In 2 hours (1) 3 fibrin dissolved. 
(2) rather more residue than (1). 
(3) small amount dissolved. 
(4) less than (3). 
(5) less than (4). 
(6) less than (5). 
Next day the fibrin was dissolved in all. 


This experiment shows that whilst there is an enormous destruction 


of pepsin in the first 30 sec. after mixing the pepsin solution with 


Na,CO, 2 p.c., some pepsin still remains even after 30 min. but that the 
destruction still goes on, thus e.g. more pepsin is destroyed in 30 min. 
than in 25 min. 

The rate of solution here was much retarded by the amount of 
NaCl present ; this action is so well known that we need not give any 
experiments to illustrate it. We may mention however that we found 
that there is a greater retardation of peptic action in passing from ‘5 to 
1 p.c. NaCl than in passing either from 0 to ‘5 pc. or from 1 p.c. to 
2 p.c. _ | 

Since our experiments were to be made upon extracts of the gastric 
mucous membrane of the cat and of the oesophageal glands of the frog, 
it was necessary to determine whether in these cases the destruction of 
pepsin is greater or less than in solutions of commercial pepsin. 


EXPERIMENT IV. 
Destructive Action of Na,CO, ‘5 p.c. on Pepsin of Cat. 


- Aug. 27, 1885. Gastric mucous membrane after short extraction with 
water, treated with HCl ‘2 for a few hours, acid extract filtered and 
neutralized with Na,CO, ‘5 p.c., gives pepsin solution = P. 

Take | 
5 c.c. P, add to it 5 ec. Na,CO, 1 p.c, shake well for 15 sec., then add 
10 c.c. HCl 1 p.c. and shake well = (1). 
Since in most later experiments we use this method of destroying pepsin, 
we shall for the sake of brevity express the operation thus :— 
(1) 5e0c. P+5e.c, Na,CO, 1 p.c. for 15” + 10 ec, HCl 1 p.c. 
Prepare similarly 
(2) 5ec. P+5 cc. Na,CO, 1 p.c. for 30” + 10 ¢.c. HCl 1 p.c. 
(3) 5ec. P+5 cc. Na,CO, 1 p.c. for 60” + 10 cc. HCl 1 
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The set of standards to determine how much pepsin had been destroyed in 
(1) (2) and (3) were prepared as follows : 

(S) 5c. P + (5 cc. Na,CO, 1 p.c. + 10 cc. HCl 1 p.c.). 

Here of course the sodium carbonate and the acid were mixed before 
adding to the pepsin solution; in the standards containing less pepsin, the 
same amount of alkaline salt and acid must also be added, the mixture we 
will call (Jf). 

The diluting fluid’ was prepared by mixing the amounts of Na,CO, and 
HCl used in preparing the pepsin solution (P). 

Mix 5 cc, P+5 c.c. diluting fluid. 

Take 5 c.c. of this, add to it (4) = (S,). 

Thus (S,) contains } the amount of the pepsin extract by 
or by (1): (2) (3), with the same amount of salt and acid. 

Prepare similarly (S,), (S,), (5,,), (S,,) containing respectively }, §, 
of the pepsin extract ecntaiued by 4S), all having the same amount of salt 
and acid, 

Add to each 2 c.c, fibrin and leave at temperature of room (17°C). 


50’ 18 hours. 
IX (S,,) | nearly all dissolved. 
(S,) . Vil S,.) | fibrin dissolved. 
(S,) Vv 1) +4 fibrin dissolved. 
IIT (2 } fibrin dissolved. 
(S,,) tg (3 trace fibrin dissolved. 
rest 


When in later experiments we use the symbols (S,) (S,) (S,) etc. tt will be 
understood that they have been prepared in a similar manner to that given above, 
containing respectively 4, },,3 etc. of the amount of the extract contained % m 
the first standard (S,) with the same amount of salt and acid. 


Here the addition of an equal volume of sodium carbonate 1 p.c. to 
the neutralized acid extract of the gastric mucous membrane of a cat, 
destroyed in 15sec. more than 3} parts of the pepsin present. The 
destruction was still greater in 30 sec. and still greater again in 60 sec. 

The destruction was greater than in Exp. II and III partly because of 
the less amount of peptone and proteids present in this extract than in 
the commercial pepsin. 


: | 1 Cp. Experiment II. 
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We may fairly conclude from the above that, in an aqueous extract 
of a gastric mucous membrane, nearly the whole of the pepsin will 
be destroyed by treating it for 15 sec. with an equal volume of 
sodium carbonate 1 p.c. This method is obviously better for determining 
the presence of pepsin in an extract than the method used in Exp. I. 

Even very dilute sodium carbonate destroys some pepsin if the 
amount of proteids present is small, thus in the following experiments 
‘005 p.c. Na,CO, destroyed a a a amount of pepsin in 14 hr. 
at 39° 


EXPERIMENT V. 
Effect of Na,CO, 001 p.e. to 025 p.c. at 17°C. and 39°C. on Cat’s Pepsin. 


Aug. 20, 1886. 15 ¢.c, aqueous extract Exp. XI+1-5cc. HCl 1 pe. 
warmed } hour, neutralized with Na,CO, ‘2 p.c. and filtered = Pepsin extract. 
The following was the order of digestion of the extract differently treated. 


(1) Extract + water. ) 
(2) Extract ,, Na,CO,-001 pc. 1} hr. at 17°O. 
(5) » ,, at 39°C. 
(7 ” ”? ” ‘01 p.c. ” at 
(9) » O25 pe. , at 39°C, about 2 pepsin destroyed. 
| The estimate of the amount of pepsin destroyed was made by a comparison 
of the relative rates of solution of fibrin and is thus only approximate. 
Except (1) no standards were made. 


t about pepsin 


Although there was here considerable destruction with °025 p.c. 
Na,CO, at 39° C. for 1} hours, in Exp. XVII with more proteids present 
in the extract there was no appreciable amount of seoupianseag with 
025 p.c. Na,CO, at 38° C. for 15 min. 

We may give here an experiment to show the rate of haieiatlin of 
the pepsin of the frog. 


1 Langley, this Journal, Vol. m. p. 254, in an extract containing more peptone, 
found less than } of the pepsin (sheep) destroyed by ‘1p.c. Na,CO, in 17 hours at 
15°5° C, 
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EXPERIMENT VI. 
Destruction of Pepsin (Frog) by Na,CO, ‘5 p.c. at 17°C. 
Aug. 24, 1885. Three frogs killed, oesophagi cut up and placed in 20 c.c. 


HCl -2p.c. Leave at 37°C. for 35 min, Cool and neutralize with 17 c.c. 
Na,CO, ‘5 p.c. Filter. 


“Take 
(1) 5c, Extr. + 5 c.c, Na,CO, 1 p.c. at 17°C. for 15” + 10 ec, HCl 1 p.c. 
(2) ” ” for 30” + ” 
(3) » for 60” + 
(4) ” for 2' + ” 
(5) ” 7 ” » for 5’ + ” 


Prepare also (S,) (S,) (S,) (S,,), i.e. standards’ containing respectively 


1, 4, 4, po of pepsin extract contained by (1)—(5). 
To each add 2 c.c. fibrin and place at 37° C. 


The following was the order of the rate of solution of fibrin : 
(S,) 
(S,) 

(1) } slight difference only. 


(3) 

So slight differences only. 

(5) twice the residue of (4). 


Here the rate of destruction is less than in the corresponding 
experiments on mammalian pepsin Exp. II—IV. In 15 secs. less than 


4ths is destroyed; the amount of destruction however increases with the 


time of action of the alkaline salt, thus in 1 min, nearly ths destroyed, 
and in 5 min. considerably more than ;ths. 

In all our experiments, pepsin obtained from the frog has been less 
readily destroyed by N sig especially at 17° C., than pepsin obtained 
from a mammal, 


In a former paper by one of us (this Journal, 111. p. 055, 1882), it 
was said to be probable that frog’s pepsin is more quickly destroyed than 


1 Cp. Experiment IV. 
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mammalian pepsin, since a frog’s stomach or oesophagus after being kept moist 
for a day was rendered more’ quickly non-peptic by treatment with Na,CO, 
‘6 to 1 p.c. than a mammal’s gastric mucous membrane in similar circum- 
stances, but this fact is due partly to the different amounts of proteid present 
in the two cases, and partly to the very incomplete conversion of pepsinogen 


to pepsin by the exposure. 


The less destructibility of pepsin in the frog is an advantage to the 
animal, since the pepsin secreted. by the oesophageal glands is secreted 
in an alkaline medium. The pepsin from these glands—if indeed 
pepsin and not pepsinogen is secreted—is shielded from the alkaline 
_ salt by the organic substances, chiefly mucin, which are present in 
considerable amount. 


Effect of Peptone on the Destruction of Pepsin by Na,CO.. 


Since peptone and most proteids lessen or prevent the destruction of 
ptyalin by hydrochloric acid’, we thought it desirable to try whether 
they had a similar effect on the destruction of pepsin by sodium 
carbonate. 

If this were the case it would serve to some extent to explain the 
variation in the amounts destroyed in the different experiments. Partly 
no doubt this was due to some variation in the strength—nominally 
1 or 2 p.c. of the Na,CO, solution used. 

We have used peptone since this would most probably be present in 
varying quantity in pepsin solutions, and since it is easier with this to 
obtain approximately accurate percentages. Some henirelbumess may 
have been present with the peptone. 

We have not found that peptone within the limits likely to be 
present in an extract, when the time of extraction is brief, makes much 
difference to the rate of destruction when a sufficient amount of 
Na,CO,, for instance an vs es bulk of a 1 p.c. solution, is added to the 

Thus in an experiment on a neutralized acid extract of a frog’s 
oesophagus and stomach, the same amount of pepsin, about }ths, was 
destroyed whether peptone (Savory and Moore’s) was absent, or was 


1 Cp. Chittenden and Ely, this Journal, m1. p. 327, 1882; Langley and Eves, 
this Journal, Vol. rv. p. 18, 1883. Chittenden and Smith, Trans. Connecticut Acad. 
vi. 1885. 
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present in amounts varying from ‘0005 p.c. to ‘1 p.c. in the mixture of 
extract and alkaline salt. In this case Na,CO, 1 p.c. was added at 
15°5° C. for 30 secs, to effect the destruction. 

So also in a neutralized acid extract of a cat’s gastric mucous 
membrane, 1$ths of the pepsin was destroyed by Na,CO, 1 p.c. at 17° C. in 
30 secs. in the presence of peptone (Griibler’s) varying from ‘0005 to 
‘25 p.c. Since so much pepsin was destroyed in the stronger solution of 
peptone, we did not carry on the experiment long enough to observe 
whether less was destroyed in this than in the others. 

As the amount of peptone is increased, an effect becomes observable. 
The following experiment will serve to show this. | 


EXPERIMENT VII. 
Effect of Peptone +25 p.c. to 25 p.c. on Destruction of Frog's Pepsin by Na,CO, 


Aug. 16, 1886. Ocsophagi of 5 frogs cut up and teased out in 30c.c, 
MgSO, ‘1 p.c. Left at 17°C. for an hour, strained and filtered. 


To 15 cc. Extract add 1°5 c.c. HCl 1 p.c. put in water bath at 35°C, for 
15 min., neutralize with 16 c.c. Na,CO, ‘2 p.c. =P. 
Prepare 
(1) 25ec P+25cc. cc. Na,CO, 1 p.c. at 17°C. for 15” + | 
10c.c, HCl ‘8 p.c, 
» + mixture (5¢.c, Na,OO, 1 p.c. + 
10c.c. HCL. ‘8 p.c.) 
(2) + 2-5 c.c, Peptone 1 p.c. + 5¢.c. Na,CO, 1 p.c. at 17°C. 
for 15” + 10 c.c, HCl °8 p.c. 


” 2 p.c. + ” 
(4) ” + ” 5 Ps. + ” + ” 
(5) ” 10 p.c. + ” ” 


Prepare standards S,, S,, S,, containing respectively 4, 3, 1, of extract i in 
(1) to (5) and with same amount peptone as (2). 


Prepare standards S,, S,, containing respectively }, ;, of extract in (1) to 
(5) and with same sana peptone as (5). 

To each add 2 c.c. fibrin and place in water bath at 36°5° C0, 
Order of solution of fibrin— 
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25’ 90’ 


(S,) much ahead. 


ep trifle ahead of (5). 

5 

4) _ regular intervals 

(3 between these. 

(2 | ? fibrin dissolved. 
nearly equal, 

y equal, 4 more residue than : 
| (S,) little more residue than (1) & 
(S.,) 0 ae nearly equal, twice residue of (S,). 
(S,,) little more residue than 


Here the addition of peptone from ‘25 to 2°5 p.c. lessens the 
destruction of pepsin in proportion to the amount added. Since o. 
peptone retards the digestion, as is shown by comparing (S,) and (S,, 
with (S,) and (S,,) the destruction was somewhat less than that indicate 
by the order of digestion. 

In mammals peptone has less effect in delaying the destruction of 
pepsin with Na,CO, than it has in the frog. Thus in the presence of 


2°5 p.c. peptone more than {ths of the pepsin is destroyed by Na,CO, 1 p.c, 
in 60 sec. 


EXPERIMENT VIII. 
_ Effect of Peptone ‘25 to 2°5 p.c. on Destruction of Cat's Pepsin with Na,CO,, 


Aug. 20, 1886. This experiment was made in exactly the same manner 
as the previous, starting with an aqueous extract of a cat’s gastric mucous 
membrane. The order of solution of fibrin was 


(5) ie, Extr. with 25 p.c. peptone + = Vol. Na,CO, ] p.c. 
at 17°C. for 60”. 


(Sa) 
Small (4) i.e. ” 1-75 ” - ” ” ” 
‘difference |(S,,) 
only (3) i.e. *9 5 ” + » ” ” 


between ie. "25 
these \(1) i.e. Extract without peptone 
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“Thus in presence of 2°5 p.c. peptone more than { of the pepsin is — 


rather more than 3} ,, 
25 little more destroyed than in previous 


and without peptone, little more than in 
presence ‘25 p.c. peptone. 


The influence exercised by peptone of course depends upon the 
percentage of the alkaline salt added to effect the destruction of pepsin. 
Thus with ‘1 p.c. Na,CO, the influence of peptone is much greater than 
it is in the above experiments. Peptone and proteids also delay the 
destruction of pepsinogen, thus in an aqueous extract containing much 
proteid, the destruction of pepsinogen by sodium carbonate is much 
slower than in an aqueous extract containing little proteid. 


Relative Amounts of Pepsinogen and Pepsin in the Gastric 
Glands in Hunger. 


We have already given an experiment (Exp. I) tending to show 
that no appreciable amount of pepsin is present in the gastric glands in 
hunger. But there the aqueous extract of the gastric mucous membrane 
is treated an unnecessarily long time with alkaline salt. Hence we have 
made three other experiments modifying the method on the lines sug- 
gested by Exp. IV." 
EXPERIMENT IX. 

Extract of Gastric Mucous Membrane of hungry Cat. 

Aug. 6, 1886. Cat hungry one day, killed with chloroform; stomach — 
empty, cut open and wash for a few seconds in ‘001 p.c. Na,CO,. Take half, 
tear off muscular coat, scrape off surface mucous epithelium, wash for a few 
seconds in 001 p.c. Na,CO,. Chop up and put into 40 c.c. 001 p.c. Na,CO, 
Place at 37°C. for 35 min. stirring occasionally. Then strain through muslin, 
filter, make up filtrate with water to 40 ¢.c. = Extr. 

Re 5 cc, Extr. + 5 ¢.c. Na,CO, 1 p.c. for 15” at 18°C. + 10 c.c. HCl ‘8 p.c. 


” + ” for 30" ” 
(3) ” ” for 60” ” 
(4) ” + ” for 2’ TR ” 
(5) oy + ” for 5’ 


1 It would probably have been better to have used sodium hydrate instead of sodium 
carbonate in some of the experiments given in this paper, since the former destroys pepsin 
much more rapidly than the latter. With sodium hydrate, the fluid on neutralizing would 
not have contained sufficient sodium chloride to seriously retard its digestive power. 
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Made also standards (8,), (S,), (S,), (S,), 
All kept at 35° C. for 10 min., then 2 c.c. fibrin added to each. 
The order of solution of fibrin was as follows: 
1} > 2. 


? trifle < 2. 
trifle < 3, 
trifle < 4, 
markedly < 5. 


EXPERIMENT X. 


An extract of the gastric mucous membrane of a hungry cat was made in 
the same manner as in the previous experiment. A portion of this extract 
was treated with Na,CO, 1 p.c. for 30 secs. at the temperature of the room, 
like (2) in Exp. IX ; no loss of peptic power resulted. 


EXPERIMENT XI. 


In this case the gastric mucous membrane was extracted with water 
instead of with Na,CO, 001 p.c. A portion of the extract was treated with 
Na,CO, 1 p.c. for 60 secs. at the temperature of the room, like (3) in 
Exp. IX. This caused a slight loss of peptic power, probably 7 to 3 of the 
total peptic power of the extract. 


In Exp, IX and X it is seen that there is no appreciable loss of 

peptic power by the extracts of the gastric mucous membrane under 
conditions which would have caused an almost complete destruction of 
pepsin, had pepsin been present; that is to say the extracts contained 
no appreciable amount of pepsin. 

In Exp. XI there is a slight loss of peptic power after the extract 
has been treated for 60 secs. with an equal bulk of Na,CO, 1 p.c. and 
we must consider whether this loss may have been due to the presence 
of a small amount of pepsin in the extract. It will be noticed in Exp. IX 
that the loss of peptic power in the extract on treating it with Na,CO, : 
1 p.c. is doubtful in 80secs. and in 60 secs, but is observable in 
2 min. and is more distinct, although still small; in 5 min., hence then 
there is a slow destruction of pepsinogen under the conditions of the 

experiment, 
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Since, as we have seen in Exp, I, nearly the whole of the pepsinogen in 
an extract is destroyed by warming it for ? hour with an equal volume of 
2 p.c. Na,CO,, it might be expected that the destruction of pepsinogen in 
Exp. IX should be greater than it is, but it must be remembered that in 
Exp. I the mixture of extract and alkaline salt was warmed, and that the 
rate of destruction of pepsinogen, like that of pepsin, increases rapidly with 
the temperature, 


It follows from this that some pepsinogen must be destroyed as soon 
as the alkaline salt is added to the extract. But in some cases at any 
rate the destruction in 60 secs. is too small to cause any detectible 
difference in the rate of digestion. Since a destruction was detectible 
in Exp, XI we must conclude either that the extract contained a small 
amount of pepsin, or that the pepsinogen was a trifle more readily 


destroyed in this than in the other extracts. It might of course be — 


destroyed more readily in consequence of containing less proteids. 

In brief, the results of Exp. IX—XI are, that in two cases there was 
no evidence of pepsin in the extract of the gastric glands, and in one 
case the extract may have contained a small amount of pepsin. That 
occasionally a little pepsin is present in the extract is probable, since it 
is probable that occasionally sufficient acid is contained in the lumina of 
the glands even in hunger to convert a small amount of pepsinogen to 
pepsin. 

On the whole we may fairly say that there is no satisfactory 
evidence of the presence of any pepsin in the gastric glands in hunger, 
whilst there is satisfactory evidence of the presence of much pepsinogen. 
On the other hand we must not lose sight of the fact that the 
complete absence of pepsin is not proved. For a difference in the 
pepsin-content of two fluids causes an appreciable difference in the rate 
of digestion only when the difference reaches a certain limit. The 
difference which can be detected depends, as Griitzner has shown, 
upon the absolute amount of pepsin present, so that the slower the rate 
of digestion, the smaller the difference which can be observed. As far as 
our observations go, a difference of less than ;!, in the pepsin-content of 


two fluids cannot be observed with certainty, if they contain sufficient . 


pepsin for 20 c.c. of the fluid to dissolve 2 c.c. of fibrin in less than half 


an hour’. In order to observe the difference in the amount of pepsin _ 
in such cases the fluids must be diluted; we may note that the addition 


1 Possibly a less difference than », in the pepsin-content might be observed with 
certainty, if the fibrin were very carefully selected, or if some other proteid, chemically 
purer, were taken in its place. 
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of salt to the fluids, which also makes the rate of digestion slower, does 
not have the effect of allowing small differences to be observed in the 
amount of pepsin present in the fluids. 

_ We have further made experiments upon the relative amounts of 
pepsinogen and pepsin in the oesophageal glands of the frog. When an 
aqueous extract of the oesophagus of a hungry frog is treated with an 
equal bulk of Na,CO, 1 p.c. at the temperature of the room for 30 secs., 
there is in nearly all cases a just appreciable loss of peptic power, as in 
_ the following experiment. 


EXPERIMENT XII 
Pepsinogen and Pepsin in Ocsophageal Glands of Hungry Frog. 


Oct. 5, 1885. Destroyed brain and cord of hungry frog. Stomach and 
intestine (except rectum) empty. Cut out oesophagus, scrape off superficial 
mucous epithelium; rub between finger and thumb for a second in water ; 
then place in 10c.c. water and tease out into small pieces, Place in water 
bath at 35°C. for 45 minutes, strain and filter. Filtrate -- Extr. | 


(1) Extr.+2-5 cc, Na,CO, 1 pc. at 16°C. for 30” +5 c.c. 


HCl 1 p.c. 
» +(25e¢. Ipe +500 HCl. 1 p.c.)' 
(3) 2ec Extr. +( » HO). 


To each add 1 c.c, fibrin. Order of ee (2) and (1) just appreciable 
difference, (3) less than (1) difference distinct though small. 


Here as in Exp. XI on the mammalian gastric glands the slight loss 
of peptic power might be due either to the destruction of pepsinogen or 
to the destruction of a small amount of pepsin possibly present. Most of 
our experiments on the rate of destruction of pepsinogen were made by 
adding the alkaline salt warmed to 54°—55°C. to the aqueous extract 
which was at the temperature of the room. In these circumstances we 
found that in 15 secs. there was a slight loss of peptic power, probably 
about 4 of the total peptic power of the extract, and that in 5 min, the — 
loss was very distinct being } to } of the peptic power of the extract. 


In one instance the destruction was not appreciable in 30 seconds by this 
method. The frogs had been kept at 0° to 5°C, for ten days. : 


This destruction is greater than that which we have found under 
similar conditions in the aqueous extract of the mammalian gastric — 
1 Cp. paragraph in italics, p. 372. 

PH. VII. 28 
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mucous membrane, so that the pepsinogen in the aqueous extract of the 
frog’s oesophagus, is more readily destroyed by sodium carbonate than 
is the pepsinogen in the aqueous extract of a mammal’s gastric mucous 
membrane, This is no doubt in part at any rate due to the latter 
containing more proteids than the former. 


It has been mentioned by one of us' that when a frog’s rents or sto- 
mach is warmed for about two hours with 10 c.c. Na,CO, °6 to 1 p.c., nearly the 
whole of its peptic power is destroyed, whereas the mammalian gastric 
mucous membrane after similar treatment has considerable peptic power. 
Unless we suppose that in the latter there is a considerable amount of pepsi- 
nogen which is less readily destroyed by Na,CO, than the rest, the compara- 
tively small destruction when it is treated with Na,CO, must be due to the 
presence of proteids, for any difference which there may be in the rate of 
destruction of frog’s and of mammal’s pepsinogen in the presence of equal 
quantities of proteids is insufficient to account for the difference in the 
behaviour of the two tissues. As an example of the effect of Na,CO, on the 
mammalian gastric mucous membrane we may give the following. Five 
grams of the dried mucous membrane of a dog were cut up in strips and 
placed in 120 cc. Na,CO, 2 p.c. at 37°C. for 1 hour and at 17°C. for 17 
hours. Both the alkaline extract and the acid extract of the residue had 
considerable peptic power, about } of a corresponding acid extract of another 
portion of the dried mucous membrane. Moreover the alkaline extract after 
being kept a week still dissolved fibrin fairly rapidly on the addition of acid ; 


when the extract was kept for a day at 30°C. all met a trace of the pepsinogen 
was destroyed. 


Since it might perhaps be suggested that there is something in the 
aqueous extract of a peptic tissue which prevents the destruction of 
pepsin by sodium carbonate, or something present in the neutralized 
acid extract which increases the destruction of pepsin, we have made 
some experiments on the effect of sodium carbonate on a mixture of the 
_ two extracts. The extracts were prepared both from the oesophageal 
glands of the frog, and from the gastric mucous membrane of the: cat. 
No alteration in the rate of destruction is produced in either extract 
by the presence of the other, beyond such as may be caused by the 
proteids present. In the mixture there is a loss of peptic power on 
adding sodium carbonate, almost exactly corresponding to the loss _ 
- which would be occasioned in the two extracts taken separately. 


1 Langley, this Journal, Vol. mt. p. 286, 1882, 
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Relative amounts of Pepsinogen and Pepsin in the Gastric 
Glands during Digestion, and after the Injection of Peptone. 


In mammals we have made three estimations of the relative 
amounts of pepsinogen and pepsin in extracts of the digesting gastric 
mucous membrane. 

In the first case, a cat was fed on milk, bread and beef and killed 
about five hours after the meal. Two successive extracts were prepared 
and examined in the manner given in Exp. I; in the first extract there 
--was much pepsin and a small amount of pepsinogen, in the second 
extract there was much pepsinogen and very little pepsin. In the 
second extract however a good deal of pepsin must have been destroyed 
during the preparation of the extract, for the extract was made by 
_ leaving the mucous membrane in *025 p.c. Na,CO, for 22 hrs. (cp. p. 379). 


Since the Experiment was made in almost exactly the same manner as in 
Exp. I, it is unnecessary to give the details ; it will be sufficient to give the 
rate of digestion of the fluids — to § (1) and § (3) of Exp. I. 


lst 


| 20’ 40/ 


2.) VI Ix 


P, | 
0 Left at 35°C. till day (15 hours) (z’) 
| 0 0 all dissolved (p’) about 4 undissolved. 
§ 3. 2nd Eatract 
55’ 2 hours. . 


(Z,) | VII—VIILI 
( III—IV | almost entirely dissolved 
(p’) 0 0 


In the second case, a guinea-pig was killed 5 to 6 hours after a full 
meal; and an extract of the gastric mucous membrane was made with 
Na,CO, ‘025 p.c. at the temperature of the room. In this extract about — 
‘one half the peptic power was destroyed by mixing it for is secs. with 
an equal bulk of Na,CO, 2 p.c. at 56° C. 

The third experiment we will give more fully since in this there 
was little if any pepsin present in the extract. 
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EXPERIMENT XIII. 


Pepsinogen and Pepsin in the Gastric Mucous Membrane of a ce during 
| Digestion, 


Aug. 7, 1885. Cat. Killed about 4 hours after meal of about half a 
pound of beek-steak. Stomach contains about one-third of food given, very 
strongly acid. Wash stomach for a few seconds in Na,CO, ‘025 p.c., excess 
fluid sopped up with blotting paper, muscular coat removed, surface mucous 
epithelium scraped away from mucous membrane. Mucous membrane chopped 
up and put in 100 ¢.c, Na,CO, ‘025 p.c, with powdered glass, and ground up 
for 20 min. Then strained, and filtered in partial vacuum. 

To 50cc, Extract at 16°C. add 50 cc. Na,CO, 2p.c. at 565°C. Mix 
well for 30 seconds then add 55¢.c. HCl 1 p.c.; of this take 10c.c. + 10c.c. 
HCl p.c.=(x). Make standards (S,) (S,) (S,) (S,) (S,,). 

To each add 2c.c. fibrin and place at 36°C, The order of solution was 05 (5, ) 
and (x), the two being very nearly equal, then (S,), (S,), (S,), (S,,)- 

The just appreciable difference in peptic power between (.S,) and (a) was 
probably due to the sodium carbonate, having been added at 56°6°C. (cp. p. 397). 

That under the conditions of the experiment, pepsin if present would have 


- been destroyed, needs hardly be stated after the experiments that have been 


given (p. 377). But to avoid all doubt about this we give the conclusion of 
the experiment in which the effect of Na,CO, was tested on the pepsin of 
the same animal. 

The residue of the mucous membrane after the dilute alkaline extract had 
been made, was treated with HCl ‘2 p.c. for about two hours, neutralized and 
filtered. This extract was treated in exactly the same way as the dilute 
alkaline extract in the previous part of the experiment. The order of solution 
of fibrin was (S,) (S,) (S,) (S,) (x) (S,,), that is to say more than { and less 
than +5 of the pepsin was destroyed. : : 


It follows from this experiment that digestion does not necessarily 
cause an accumulation of pepsin in the gastric glands. The gastric 
glands in digestion as well as in hunger may contain no = 
amount of pepsin. 

We have made three experiments on mammals to determine shether 


the injection of peptone into the blood causes any accumulation of pepsin 


in the gastric glands. | 
In two of these experiments, the extract of the gastric mucous 
membrane contained a small quantity of pepsin, in the third a con- 


_ siderable amount of pepsin was present. 
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EXPERIMENT XIV. 


Injection of Peptone. Cat. 


Aug. 27,1885. Cat fed previous evening. Give chloroform, inject slowly 
into jugular vein about 2 grms. of Savory and Moore’s peptone (neutralized 
and filtered) in 5 p.c. solution. Leave three hours, Then kill. Stomach 
contains a small quantity of fluid and some acid gastric juice. Wash 
stomach rapidly in -025 p.c. Na,CO, twice, then in water. Remove muscular 
coat, scrape off mucous epithelium, Cut up and place in 150c.c. water. In 
21 minutes strain and filter. Filtrate= Extract. In 50 minutes prepare. 


(1) 5 c.c. Extract + 5 cc. Na,CO, 1 p.c. 30” +10 c.c. HCl 1 p.c. 


(2) ” + ” ” 60" + aoa 
(3) + Na,CO,l pec. HCl 1 pc.). 
(4) 4¢.c. Extract+( ,, + » +lec. H,O). 
To each add 2 c.c. fibrin and place at 37° C. 
Order of solution was 

5’ 10’ 


| fibrin dissolved. 
4 } very little difference H very little difference. 


2) rather less than above. 
5) less than (2), $ fibrin dissolved. 


Here nearly 4 of the peptic power was lost by treating the extract 
with an equal bulk of Na,CO, 1 p.c. for 30 secs. i.e. to say since part of 
the loss was due to the destruction of pepsinogen more than 4 of the 
peptic power was due to pepsinogen and less than } to pepsin. | 

In the second case, the experiment was made in nearly the same 
way as in the preceding; 3 grms. of peptone in a 10 p.c. solution 
were injected, and the animal! was killed after 3} hours. The stomach 
was washed in Na,CO, ‘005p.c. and a first extract of the mucous 
membrane made by treating it with 100c.c. water at the temperature 
of the room for one hour. A portion of this extract on treatment with 
Na,CO, 1 p.c. for 30 sec. at 22° C. lost about 4 of its peptic power. 

The residue from the first extract was placed in 100c.c. of water, and 
left at 35°C. for 154 hours and filtered, thus giving a second aqueous 
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extract. A portion of this, on treatment with Na,CO, 1 p.c. for 30sec. 
at 22°C. underwent no loss of peptic power. 

In the third experiment the gastric mucous membrane was axtracted 
with Na,CO, *025 p.c. for 20 mins, at 16°C. The extract contained con- 
siderably more pepsin than pepsinogen. 


The residue from the first extract was treated for 18 hours with Na,CO, 
‘025 at 16°0.; in this extract the pepsin and pepsinogen were in nearly equal 
amounts, but in this some pepsin must have been destroyed. It was with 
this extract that Exp. XVII was made (p. 398). 


It must not be forgotten that the relative amounts of pepsin and of 
pepsinogen which are found to be present in the first extract of a gastric 
mucous membrane does not necessarily represent the relative amounts 
which are present in the gastric glands, Thus in the second experiment 
on the effect of the injection of peptone into the blood, the second aqueous 
extract contained no appreciable amount of pepsin, so that obviously the 
amount of pepsin in the gastric glands was much less than that found 
in the extract. Since the first aqueous extract had about } of the total 
peptic power of the gastric mucous membrane the amount of pepsin in 
the gastric glands—on the assumption that the pepsin found in the first 
extract was not of post-mortem formation—was about 1, of the amount 
of the pepsinogen present in the glands. 


The first aqueous extract was made by treating the fresh mucous membrane 
with 100 c.c. of water at 22°C. for 1 hour; if we represent the peptic power 
of this as rather greater than 1, then the peptic power of the second aqueous 


extract—made by treating the residue with 100 c.c, water at 35°C. for 15} 
houts—would be represented by 2, and the subsequent acid extract of the 
residue—placed at 35° ©. for 1 day—by rather less than 1. 


We have not made any direct experiments on the relative solubili- 
ties of pepsin and pepsinogen in water and in dilute alkaline solutions, 
but if the former is more soluble than the latter, we must of course take 
this into account in estimating the relative amounts of the two in the 
gastric mucous membrane from the relative amounts in the aqueous 
extracts. 

We have thought it advisable to make one or two estimations of the 
relative peptic power of the aqueous extract of the subsequent acid 


extract of the residue. The aqueous extract of the gastric mucous 


membrane of a mammal as prepared in our experiments has } to } of 


the total peptic power of the mucous membrane, and the aqueous extract 
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of the oesophageal glands of the frog as prepared in our experiments has 
more than 4 of the total peptic power of the oesophageal glands. 


In the first peptone experiment in which the aqueous extract contained 
about } pepsin; the aqueous extract was made by cutting up the mucous 
membrane and placing it in 150 c.c. water for 21 min. at the temperature of 
the room, stirring frequently (=A). The residue from the aqueous extract 
was placed in 150 c.c. HCl -25 p.c. at 37°C. for ? hr., the residue from this 
was placed in 300 c.c. HCl ‘25 p.c. at 35°C. for a day; this after filtering 
was added to the first acid extract, and to the mixture 150 cc, HCl 25 added 
_=B, Ofeach of A and Ba series A,, A,, A,, A,; B,, B,, B,, By were made, 
in each case the A digested a trifle faster than the corresponding B, so that 
the peptic power was about in the proportion of 7 to 6, ie. since B was 4 
times as dilute as 4; the peptic power of the aqueous to that of the whole 
gastric mucous membrane was as 7 to 31. If pepsin is more soluble in water 
than pepsinogen, the proportion of pepsin to pepsinogen in the gastric glands 
in this case—after the injection of peptone—must have been much less than 
1 to 5, apart from the question of a post-mortem formation of pepsin. 


Summing up the results of the above experiments we see that the 
first extract of the gastric mucous membrane taken during digestion 
contained in one case no appreciable amount of pepsin, in one case 


about as much pepsin as pepsinogen and in one case more pepsin than © 


pepsinogen ; and that the Ist extract of the gastric mucous membrane 
taken after the injection of peptone into the blood contained in two 
cases an appreciable although small amount of pepsin, viz. less than } 
of the pepsinogen present, and in one case contained more pepsin 
than pepsinogen. 

We will proceed to consider the bearing of these results upon 
Schiff’s theory of the ‘Storage’ (Ladung) of the gastric glands with 
pepsin. According to Schiff, pepsin is only produced in life 
under the influence of certain substances which he calls ‘ peptogens’; 
and, in a healthy animal, pepsin is always formed when peptogens pass 
into the blood going to the stomach’. Further unless pepsin is present 
in the glands, the secretion poured forth by them does not contain 
pepsin. The peptogens taken with the food and those formed during 
digestion cause a storage of pepsin, and consequently the — are able 
to secrete a highly peptic gastric juice. 


? Schiff, “Die Ladung des Magens.” Arch. f. d. ges. Physiol. xxvii. p. 352, 1882. 
Op. also Arch. des Sci. Phys. et Nat. N.P. vu. p. 76, 1877. ; 
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‘It is clear that our results are inconsistent with one part of this 
theory, for we have seen in one case that about 4 hours after a meal, 
when digestion is rapidly proceeding (Exp. XIII), the gastric glands 
contained no appreciable amount of pepsin, that is to say the peptogens 
taken with the food and those formed during the first period of digestion 
did not cause pepsin to be stored up in the gastric glands. Moreover 
the very small amount of pepsin found in two cases in the extract of the 
gastric mucous membrane, after injection of peptone into the blood, is 
against this part of Schiff’s theory. 

From the experiments just mentioned we should conclude — 


_ that peptogens do not necessarily cause a storage of pepsin 


in the gland-cells, and that the gland-cells are able to secrete 
a highly peptic gastric juice when they contain pepsinogen, 
although they contain no pepsin. | 

The results of the remaining experiments, however, tend on the face 
of them to show that pepsinogen may be converted into pepsin by 
peptogens. In these the extracts of the gastric mucous membrane con- 
tained a considerable amouut of pepsin. But there is another possible 
explanation. During digestion an acid secretion is poured forth, accord- 
ing to Heidenhain the pure secretion of the fundus of the dog contains 
‘5 p.c. HCl. Now hydrochloric acid converts pepsinogen into pepsin 
with extreme rapidity; as will be shown later (p. 403) more than 4 the 
pepsinogen in an aqueous solution is converted into pepsin by HCl 
‘1 p.c. in 5 sec. at 18°C.; consequently if any of the gastric juice soaks 
into the gland-cells during the period of removing the stomach from the 
body and of washing it, a part of the pepsinogen of the glands will be 
changed into pepsin. The risk of change from the penetration of 
gastric juice into the tissue is not merely due to the acid contents of the 
stomach ; for in some cases the acid juice, which at the moment of the 
death of the animal is being secreted, may not be completely forced out 


of the lumina of the glands, In the process of preparing the extract, 


the acid present in the lumina of the glands would not be washed away 
or neutralized by the dilute alkaline solution, until it had in part at any 
rate soaked into the glands and converted some pepsinogen to pepsin. 
To some extent this explanation may seem strained, since, as we 
have seen, it is possible to obtain from a digesting mucous membrane an 
aqueous extract which does not contain an appreciable amount of pepsin ; 
but we are inclined to think that this fact is due to the total forcing out 
of the acid secretion from the lumina, owing to some causes not existing 
in the other cases; and probably most observers who have worked 
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much on the histology of the gastric glands during digestion would 
admit that not infrequently the cells by the alteration of their nuclei 
show signs of having been penetrated by acid. 

It may be said that this explanation does not apply to the peptone 
cases, for in these the animals were hungry. In fact, however, in each 
of these cases and especially in the third, the stomach contained gastric 
juice. The corresponding hungry animals which were killed straightway 
had no fluid in the stomach. Whether in the cases in which peptone 
was injected, the gastric juice was secreted in consequence of the 
injection of peptone, or in consequence of saliva swallowed during the 
period of giving chloroform, we are not prepared to say. 

Since the frog’s oesophageal glands do not secrete an acid fluid, 
there can be during the preparation of the extract no conversion of 
_ pepsinogen to pepsin by hydrochloric acid secreted. Hence the oesopha- 
geal glands of the frog afford a means of controlling the experiments — 
made on mammals. The result here is not doubtful. At no time of 
- digestion, whether the frogs are fed with worms or with white of egg, 
does the aqueous extract of the oesophagus differ in its behaviour to 
‘sodium carbonate from that prepared from hungry frogs (cp. Exp. XII). 
As in the hungry frogs, there are slight differences varying from 4 
destroyed, to no appreciable destruction until the fluid is diluted (cp. 
Exp. XVI). 

Further we have tested the oesophagus of the frog for pepsin at 
times varying from 2 hours to 24 after the injection of varying amounts 
of peptone into the dorsal sac. The injection of peptone is without 
any observable effect on the behaviour of the aqueous extract of the 
oesophagus to dilute alkaline salt. 


EXPERIMENT XY. 


Pepsinogen and Pepsin in Frog’s Ocesophagus. Injection of Peptone. 


Aug. 22, 1885. 1:3 ¢.c. of 2 p.c. peptone injected into dorsal lymph sac 
of each of four hungry frogs. In four hours killed. Oesophagi treated as in 
Exp. XII, and teased out in 42c.c. water. Placed at 36°C. for 40 min. 
‘Strain and filter. 


(1) 5 cc, Extract + 5 c.c, Na,CO, 1 p.c. at 54°C, for 15” +10 HCl 1 p.c. 
(2) ” ” + ” ” ” for 30” + ” 
(3) ” ” + ” ” ” for 45” + ” 
(4) ” ” + ” ” ” for 
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(5) 5c.c. Extract + 5 c.c, 1 at 54°C, for 2’ +10cc. HCl 


(6) » ” + ” ” ” for 5° + ” 
+ 10c.c, HCl 1 p.c.) 
(S,) Extract+( ,, + 2:5 H,O). 
(S,) 10cc, Extract+( ,, + c.c, H,O). 
To each add 2c.c, fibrin, Place at 30°O. 
Order of solution 3 
(S,) and 4 few fragments left. 
A very little difference between rae (1) slightly more residue 
4) than (S,). 
(5) 


(6) ‘Twice as much residue as (5). 
(8,) more residue than (6). 
(S,) Twice as much residue as (8). 


Taking together all the facts stated above we think that there is 
strong evidence against Schiff’s ‘storage’ theory. 
The facts appear to us to justify the following view:—During 


secretion pepsinogen is converted straightway into pepsin, 
and at once carried out of the gland cells, so that during 


normal digestion there is no more pepsin in the cells than 
that which has just been formed and which is just about 
to be secreted. If from any cause the conversion of pepsinogen to 
pepsin is increased whilst the secretion of fluid is decreased, it is quite 
likely that a residue of pepsin should for a time remain in the cells, but 
we do not think that this occurs in normal digestion, to an extent 
sufficient to affect appreciably the peptic nature of the gastric juice. 

The effect of digested products when absorbed into the blood, we 
take to be that which has been shown by one of us’ to occur in the 
frog and probably in other animals, viz. an increase in the size of the 
cells and an increase in the amount of mesostates—pepsinogen, rennet— 
zymogen and so forth. This also is a ‘storage’ theory, but it is one 
of a wholly different nature from that of Schiff. As we know, chiefly 
from the experiments of Heidenhain, there is another effect of the 
absorbed products of digestion, viz. the production of a secretion. How 
far these effects are due to different substances, remains for further 
investigation. 


1 Langley, Phil. Trans, Pt. 11. 1881, p. 702. Cp. also Sorat, Studies Biol. Lab. 
John Hopkins Univ. 1. No. 1, p. 131, 1881. 
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Finally, we cannot refrain from pointing out that in arguing against 
- Schiff’s storage-theory, we are not arguing against his general view of 
digestion. This we take to be that certain definite substances must be 
present in the blood in order that a highly peptic gastric juice may be 
secreted. The storage-theory accounts for the action of these substances 
by saying that they lead to an accumulation of pepsin in the gland-cells. 
But it is obvious that they might act in other ways, they might for 
example excite the trophic’ power more than the secretory power of 
the gland-cells, and so give rise to a highly peptic secretion. Since 
our experiments do not bear directly on this question, we need not 
discuss it, 


Effect of Heat on Pepsinogen and Pepsin. 


An aqueous extract of the oesophageal glands of a frog is after 
filtering slightly milky. If this be gradually warmed in an apparatus — 
for noting the temperature of coagulation, it will be observed to become 
more milky at 54°C., the milkiness increases up to about 57° C. and 
then remains constant. That is to say, the aqueous extract contains a 
small amount of a proteid, probably a globulin, which coagulates at 

—57°C. As this takes place there is a considerable loss of peptic 
power due to a destruction of pepsinogen; on this account it seemed 
possible that pepsinogen might be a globulin, and that pepsinogen 
might be separated from pepsin by heating to 57° C. an extract contain- 
ing them. But we found that pepsin also was quickly destroyed at the 
same temperature as pepsinogen. We abandoned then further experi- 
ments on this point, but as the facts are not without interest we give 
an experiment to illustrate the amount and rate of destruction of 
pepsinogen and pepsin. 


EXPERIMENT 
Effect of Temperature on Pepsinogen and Pepsin of Frog. 


Aug. 24, 1885. Five frogs, fed on worms at different periods, so that 
when the frogs were killed the times of digestion varied from 7 to 16 hours. 
Oesophagi treated as in Exp. XII, placed in 40c.c. water, cut up 
transversely with scissors, and then teased into small pieces. Leave for 45 . 
min. Strain and filter = extract. 
Measure out 5c.c. Extract into each of six test-tubes, leave two (a) (a’) 


Heidenhain. 
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at temperature of the room (17°C.), place two (6) (b') in water bath at 37°C., 
and two (c) (c’) at 57°C. 
In 20 min. place all the test-tubes under a stream of water from the tap 
to bring them to the same temperature. 
To each of (a) (6) (c) add 5 c.c. Na,CO, 1 p.c. for 60” and then 10 c.c. HCl 1 p.c. 
To each of (a’) (b') (c') add (5 c.c. Na,CO, 1 p.c. + 10 cc. HCl 8 p.c.). 
Prepare also S,, S,, S,, from extract left at temperature of room containing 
respectively }, 4, 5 of extract in any one of the rest. 
To each add 2 c.c, fibrin and place at 37° C. 
The order of digestion was as follows : 


No difference observable. 
S, 
S, 


o Only trace dissolved at time when S,, has about } dissolved. 

On diluting (a) (a') (6) (6') ten times and again trying their rates of 
digestion, a difference was found, (a') and (b') dissolving fibrin faster than (a) 
and (6). 


It will be noticed here that nearly the whole of the pepsinogen in 
the aqueous extract is destroyed by keeping it at 57° C. for somewhat 
less than 20 min.; and further that keeping the aqueous extract for the 
same time at 37°C. does not convert any pepsinogen into pepsin. 

In an experiment on a neutralized acid extract of a frog’s oesophagus 
and stomach, i.e. on a neutral extract containing frog’s pepsin, test-tubes 
each containing 5 c.c. of the extract were placed in a water bath at 58°C. 
for varying times. In 30sec. no destruction took place, the fluid not 


. having time to reach the temperature of the water bath, in 60 sec. more 


than half the pepsin was destroyed, in 5 min. { to ~ of the pepsin was 
destroyed, in 15 min. only a trace was left. 

Pepsinogen and pepsin of mammals undergo a like destruction at 
55°—58°, but apparently the destruction is less rapid. 


EXPERIMENT XVII. 
Aug. 14, 1885. The residue from the first extract of the stomach of the 


cat (after injection of peptone cp. p. 391) was placed in 100 cc. of Na,0O, 
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025 p.c.; this was left at the temperature of the room for 18 hours, and ais 
filtered. 
Place A = 12 c.c. extract at temperature of the room for 15 mins. 
Ba » water bath at 38°C. 
Prepare 
» 5ec.4+5 cc, Na,CO, 2 p.c. for 30” + 10 cc. HCl 1 p.c. 
(a,) + (mixture) ie. (5 ¢.c. Na,CO, 2 p.c.+10¢.c. HCl 1 
(a,) 2:5 cc, A + (mixture) + 2°5 c.c. diluting fluid. 
(6) B+5c.c. Na,CO, 2 p.c. for 30” + 10 cc. HCl 1 p.c. 
” + (mixture). 
(c) 0 Na,CO, 2 p.c. for 30” + 10 cc. HCl 1 pe. 
(¢,) ” + (mixture). 


To each add 2 c.c. fibrin. 


17’ | 
| 
a } equal; } dissolved } almost all dissolved. 
a, | about } dissolved > 3 dissolved. 
a little less dissolved than (a } dissolved. 
6 trifle less dissolved than (a dissolved. 
little dissolved dissolved. 
very little dissolved dissolved. 


Here the destruction is certainly less at 57°C. than in the experi- 
ments given above on frog’s pepsinogen and pepsin. In the mammalian 
extract more proteid was present than in the frog’s, but it is difficult to 
see how this should affect the destruction by heat. 

So in another experiment with the same extract after neutralizing 
and filtering; about 4 to 4 the peptic power was destroyed in 15 min. at 
a temperature beginning at 55°C. and gradually sinking to 53°C. 
Much the greater part of the peptic power was destroyed in 15 min. at 
a temperature beginning at 74°C. and gradually sinking to 67°C., but 
even in this case some peptic power was left, for the fluid with the 
addition of acid dissolved 2c.c, fibrin in 120 min. (the same amount of 
extract before heating dissolved on the addition of acid 2c.c. fibrin in 
10 min.). 

We may mention also that in the only experiment of the kind 
which we made, cat’s pepsin in an acid solution was destroyed more 
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quickly at a high temperature than a mixture of pepsin and pepsinogen 
in a neutral solution. 

Conversion of Pepsinogen to Pepsin. 


We have already seen that an extract of the gastric mucous 
membrane may be made which does not contain any appreciable 


amount of pepsin. Since in some cases the extract was made by warm- 


ing the gastric mucous membrane in water or in an extremely dilute 
alkaline solution for 20 to 30 min. it follows that pepsinogen in an 
aqueous or in a dilute alkaline solution is a fairly stable substance. This is 
also shown in the course of some of the other experiments given above, 
thus for instance in Exp. I there was much pepsinogen in the second 
extract, in which the gastric mucous membrane was kept at 30°C. for 
21} hours, in dilute sodium carbonate (025 p.c.). 

Although the change of pepsinogen to pepsin is slow, it is in a day 
perceptible ; thus the first aqueous extract of Exp. XIV after standing 


at the temperature of the room for a day was tested for pepsinogen and 


pepsin in exactly the same manner as in Exp. XIV. In this case a 
trifle more than }, but distinctly less than 3 of the peptic power was 
destroyed by treating the extract with an equal bulk of Na,CO, 1 p.c. for 
30sec. In another aqueous extract of a cat’s gastric mucous membrane, 
in which about 4 of the peptic power was destroyed by Na,CO, °5 p.c. in 
30 sec., to 4 was destroyed on similar treatment after the extract had 
stood for two days at the temperature of the room. 

The aqueous extract of a frog’s oesophagus may usually be kept for a 
day without any appreciable conversion of pepsinogen to pepsin taking 
place. If the extract be kept at about 35°C. for a day, the conversion is 
appreciable although slight. | 

That pepsinogen is very slowly converted into pepsin in an alkaline 
solution is also shown by the fact stated above (p. 388), viz. that an 
extract of the mammalian gastric mucous membrane made with 2 p.c. 
Na,CO, may preserve considerable peptic power for a week. In such a 
solution pepsin would be rapidly destroyed. 

According to Podolinski oxygen converts ineniiiein. Loti trypsin. 
Remembering this we at first used fluids, which had been boiled to drive 
the air out of them, in preparing the extracts, lest the oxygen dissolved 
in the fluid should convert some pepsinogen to pepsin. We soon found 
that this was unnecessary, for oxygen has, i in the ie at any rate, no 


effect on 
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EXPERIMENT XVIII. 
Passing Oxygen through Frog's Pepsinogen solution. 


Aug. 19, 1885. Ocsophagi of three frogs, mucous epithelium scraped 
away, washed for a moment, cut up into small — and warm in 24 c.c, 
water for 20 min. Filter. 

Pass in slow stream about 1} litres of oxygen through 12 c.c. of the 
Extract = (Extr. 0). 

Rest of extract left at temperature room = Extr. WV. 


Prepared the following 
(1) 5c. Extr. 0 + 5 cc. Na,CO, 1 p.c. at 58°C. for 30” + 10 ce. HCl 1 p.. 
(2) 5cc, Extr. V+ 
(3) 5 c.c, Extr. Na,CO, Ipo+l0ce HC! 1 p.c.) 
(4) 5 cc, Extr. V +( is ) 


To each add 2 cc. fibrin. Place at 35°C. 


15° 


(3) 
4 } equal. | 
: } equal, less digested than in (3) and (4). 
The same order was preserved throughout the experiment. We may note 
that the loss of peptic power in the extract owing to treatment with Na,CO, 


was here distinct, about } of the whole. This is an instance of the effect of 
adding the Na,CO, at a high temperature (58° C.). 


It will be seen from the above that passing 1} litres of oxygen 
through the pepsinogen solution was completely without effect either on 
its digestive power, or upon its rate of destruction by sodium carbonate. 
If pepsin had been formed by the action of oxygen, it would have been 
largely destroyed by the alkaline salt, this would have been shown by 
(1) dissolving fibrin more slowly than (2). This result does not agree 
with that obtained by Podwyssozki’* on passing oxygen through a 
glycerine extract of a mammal’s gastric mucous membrane. Accord- 
ing to him, a considerable conversion of pepsinogen to pepsin takes 
place. His criterion for the presence of pepsinogen was the rate of 


1 Podwyssozki, Arch. f. d. ges. Physiol. Bd. 39, p. 78, 1886: 
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digestion in the first 5 to 10 minutes aeat adding fibrin to the acidified 
extract. 
It has been pointed out by one of us* that a glycerine extract of. 


a peptic mucous membrane when treated with acid for a day before 


fibrin is added, dissolves the fibrin faster than when the acid and fibrin 
are added together ; i.e. that the glycerine extract contains some pepsi- 
nogen. In a later paper’ it was also pointed out that a very brief treat- 
ment with acid is sufficient to convert all the pepsinogen into pepsin, 
and hence that the relative amounts of pepsinogen and pepsin cannot be 
satisfactorily determined by comparing the rates of digestion of two 
portions of the extract, one of which has, and the other of which has not, 
been previously treated with acid. Recently Podwyssozki’, taking 
up the question at the instance of Griitzner, finds, on treating a glycerine 
extract with dilute acid at the temperature of the room for various 
periods before fibrin is added, that the portion which has been treated 
with acid for ? hour digests faster in the preliminary stages than 
the portion which has been treated with acid for 4 hour, and that 
this digests very much faster than the portion which has been treated 
with acid for 5 min. only; in other words he finds the conversion is 
gradual and is not complete in half-an-hour*. 

The comparatively slow rate of conversion of pepsinogen to pepsin 
found by Podwyssozki we are inclined to attribute to the presence of 
fragments of gland substance in the glycerine extract; at the same time 
we think his conclusion is justified, viz. that the gastric mucous 
membrane from which the extract was made contained very little pepsin 
in proportion to the amount of pepsinogen. 


1 Langley, Phil. Trans. Pt. 1. p. 697, 1881. 

? Langley, this Journal, vol. 111. p. 283, 1882, 

Op. cit. 

* In experimenting with glycerine extracts, I often obtained aase1) results like those 
given by Podwyssozki, and further sometimes found that the digestive power of the 
extract in its preliminary stages increased for two or three or even four hours on treatment 
with acid. But in all these cases microscopic examination showed the presence of frag- 
ments of gastric glands in the glycerine. We know that acid gradually extracts pepsinogen 
(as pepsin) from a tissue, and that it does not extract the whole until the tissue is dissolved. 
Consequently the increase of peptic power on treatment with acid in the above-mentioned 
cases was obviously in part due to an extraction of pepsinogen and pepsin from tissue 
elements. Hence these experiments were of no value as regards the question of the rate of 
conversion of the pepsinogen which had been dissolved by the glycerine. My statements — 
therefore as to the rate of conversion of pepsinogen into pepsin in glycerine extracts by 
acid, were confined to those extracts in which either little solid material was present, or in 
which the particles were as far as possible removed by diluting with water and filtering. 
J.N. Langley. : 
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| That dilute hydrochloric acid when added to an aqueous extract of a 
cat's gastric mucous membrane converts pepsinogen to pepsin with great 
rapidity, is shown by the following —- 


EXPERIMENT XIX. 
Rate of Conversion of Pepsinogen of Cat to Pepsin by HCt ‘l p.c. 


Aug. 26, 1886. The aqueous extract (that of Exp. IX) of the gastric 
mucous membrane of a hungry cat was taken, and the following mixtures 
prepared. 

(1) Extr. + HOl‘2p.c. for 5” + 6c.c. Na,CO, 1 p.c. for 60” 


+ 5 c.c. HCl 1 p.c. 
(3) ” + ” for 30” + ” + ” 
(5) ” + ” for 60” + ” + ” 
(6) ” ” for 2’ + ” + ” 


Prepare also standards S,, 8, 8, 

Warm for 10 min., then add to ah 2 c.c, fibrin. | 

The order ——: in 30 min. was S,; S,; (1); S, and (2) about equal ; 
(3) a little ahead of S, ; (4); S,,; (5) slight solution of fibrin ; (6) and (7) no 


fibrin dissolved. 


Here then HCl ‘1 p.c. converted at the temperature of the room 4 to 
? of the pepsinogen into pepsin in 5 seconds, # in 15 sec., <{ in 30 sec., 
% to 44 in 45 sec.,>4$ in 60 sec. In 2 min. and in 5 min. still more was 
converted, whether there was any difference between these two was not 
noted. 

In a somewhat similar experiment on an aqueous extract of the 
oesophageal glands of the frog, the whole of the pepsinogen was converted 
into pepsin by HCl ‘05 p.c. in 5 min. at 35°C.; at the temperature of 
the room the conversion appeared to be somewhat slower than in the 
above experiment on the pepsinogen of the cat, but the ditferent 
destructibility of the frog’s and of the cat’s pepsin makes a comparison 
hazardous. 

In a glycerine extract, pepsinogen is converted into pepsin very 
slowly, the rate of conversion depends, amongst other things, upon the 
amount of water which is contained or taken up by the glycerine. We 
determined the relative amounts of pepsinogen and pepsin in glycerine 
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extracts in the following way. 2'5c.c. of the extract was well mixed 
with 25c.c, water, to this 5cc. Na,CO, 1p.c. was added at the 
temperature of the room (21° to 22° C.) and shaken for 60 secs. then 
the destructive action of sodium carbonate was stopped by pouring in 
10 cc. HCl ‘8 pc. A series of standards was prepared in the usual 
manner and the loss of peptic power in the extract which had been treated 
with sodium carbonate, noted. One half of the gastric mucous membrane 
of a hungry cat (that of Exp. IX, p. 384), was chopped up and 
placed in glycerine for 16 days. In this extract, about } of the peptic 
power was destroyed on treatment in the manner given above. Pro- 
bably it was chiefly pepsinogen that was here destroyed for there was 
very little proteid present in the diluted extract, but however this may 
be, certainly less than } of the pepsinogen was converted into pepsin in 
16 days. on 

We have tested a number of glycerine extracts prepared in 1881 
from the gastric mucous membrane of various animals, The mucous 
membrane had been left in the glycerine. The most striking result was 
in the following case. °5 grms. of a dried and powdered gastric 
mucous membrane of a dog was placed in 50 cc. pure strong glycerine 
in a closely stoppered bottle, and occasionally stirred. After five years 
the glycerine was thick although less so than pure glycerine. On 
adding acid to a portion of the decanted extract it was strongly peptic, 
but on treating a portion of it in the manner described above there was 


no loss of peptic power. Here then much pepsinogen and no pepsin 


was present in a glycerine extract which had stood for five years. 


Since the mucous membrane was washed with 1 p.c. Na,CO, before drying 
in order to remove all traces of acid, it is possible that a little sodium 
carbonate may have remained in the tissue and when taken up by the 
glycerine have for a time destroyed pepsin as it was formed from pepsinogen. 
We have found in other cases that a very slight alkalinity of the glycerine 
will in time destroy pepsin. In the present case however the glycerine, at 
the time of testing the pepsin, was neutral. 


In other cases, in which the glycerine had become more or less dilute 
by absorbing water, the loss of peptic power after treatment with sodium 
carbonate varied from <4 to <{; in no case except when the glycerine 
was acid—was the loss so great as it would have been, had pepsin alone 
been present. | 

Before accepting these experiments as really showing the amount of 
pepsin present, it was of course necessary to ascertain, whether the 


> 
| 
> 


PEPSINOGEN AND PEPSIN. 


glycerine present in the extracts retards the destructive action of 
sodium carbonate on pepsin, This was tried in the first place, by 
taking an aqueous or dilute saline extract known to contain pepsin, 
mixing it with an equal volume of pure glycerine, and to the mixture 
adding an equal volume of Na,CO, 1 p.c. for 60 secs. In a neutralized 
acid extract of Jensen’s pepsin crystals, more than 44 of the pepsin was 
destroyed by this treatment. Here the pepsin was destroyed in the 
presence of 25 p.c. glycerine, which is rather more than the amount 
present in testing the glycerine extracts; consequently the small 
destruction of pepsin in these extracts cannot have been due to the 
pepsin being protected by the glycerine. In fact we only found the 
presence of glycerine to be important when it was so concentrated 
that it did not mix readily with the sodium carbonate. 

The slight effect of glycerine was also shown by warming the 
glycerine extract with acid to convert pepsinogen into pepsin and then 
adding sodium carbonate; thus a portion of the extract spoken of above, 
in which no pepsin was found, was warmed for 40 min. with an equal 
volume of HCl 2 p.c.; 5c¢.c of this when mixed with 6c.c. of Na,CO, 
1 p.c. for 30 secs. lost nearly 44 of its peptic power. 

We have not tried whether glycerine delays the rate of conversion 
of pepsinogen into pepsin by HCl, when the acid is allowed to act for a 
very short period; but the presence of 50 p.c. glycerine did not prevent 
the conversion by HCl ‘1 p.c. in one case in which the mixture was left 
for 18 min. at the temperature of the room (22° C.). 


Two test-tubes, each with 5c.c. of an aqueous extract of pepsinogen (cat), 
were taken; to one 5c.c. of pure glycerine were added, to the other 5c.c. 
water, and to each lc.c. HCl lpc. After standing 13 mins. each was 
neutralized. To 5c.c. of each of the neutralized extracts, 5¢.c. of Na,CO, 
i p.c. was added for 30secs, In both, considerably more than 3§ of the 
peptic power was destroyed, and more in the extract which had been diluted 
with water than in that which had been diluted with glycerine. | 

If the glycerine extract contains many solid particles, and HCl 1 p.c. 
is added to it, in the quantity necessary to give the mixture ‘1 p.c. HCl; 
the destruction on subsequent treatment with Na,CO, is less than that 
which occurs on similar treatment when the extract has been mixed 
with an equal volume of HCl ‘2 p.c.; apparently because the acid 
cannot readily dissolve the solid particles, or take up pepsin from them, 
in the presence of much glycerine. 


1 Of course in this as in other experiments the standard solutions contained the same 
amount of glycerine, salt and acid as the solution tested. 
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_ From what has been said, it would appear fairly certain that in the 


glycerine extracts spoken of above (p. 404) the peptic power which 


remained after treatment with Na,CO, was due to pepsinogen present 
in the extract. 


_ There are however one or two facts which may necessitate some 


modification of this conclusion. The proportion of pepsin which is 


destroyed by a given quantity of Na,CO, in a given time varies not 
inconsiderably in different pepsin solutions. As far as our experiments 
go, this variation cannot have been due to a variation in the amount of 
peptone present, for small amounts of peptone have very little effect. 
Consequently we are driven to conclude either that there is some 
substance which we have not discovered which is capable of delaying 
the destruction of pepsin, or else that there is a form of pepsin which 
is very slowly destroyed by Na,CO,. We may mention also the 
following observations as tending to show that one or other of these 
conclusions must be adopted. (a) In one case, when a glycerine extract 
of a dog’s mucous membrane (4 years extraction), which had been treated 
with three times its bulk of HCl ‘3 p.c. at 35°C. for 20 min. was subse- 
quently treated with Na,CO, 1 p.c., there was comparatively little loss 
of peptic power. Here judging from our other experiments all the 
pepsinogen should have been converted into pepsin, and nearly all the 
pepsin should have been destroyed. (6b) After extracting the gastric 


- mucous membrane of a cat for 18 hrs. with Na,CO, ‘025 p.c., two 


successive acid extracts were prepared. In the first the residue was 
placed in HCl ‘2 pc. for 30 min. at 39°C., in the second the residue 
from the preceding extract was placed in HCl ‘2 p.c. for 3} hrs. The 
first extract was diluted so that it had rather less peptic power than the 
second, nevertheless on treating each with Na,CQ, 1 p.c. in the same 
manner the loss of peptic power was greater in the second extract than 
in the first, The question is complicated, since we have to take into 
account the possibility of the existence of a form of i ica not 
readily convertible into pepsin. 


Effect of Carbonic Acid on Pepsinogen and Pepsin. 


When a stream of CO, is passed through an aqueous extract of a 
frog’s oesophagus, the opalescent fluid becomes clear, and a slight flocky 
precipitate settles out. On adding dilute hydrochloric acid the pre- 
cipitate for the most part, at any rate, dissolves at once; nevertheless the 
mixture has very much less peptic power than the original extract. 
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That is to say, pepsinogen is destroyed by carbonic acid. ‘the amount - 
destroyed increases within limits with the volume of CO, passed through 
the extract, thus in one case the oesophagi of four digesting frogs, were 
prepared in the usual way and cut up in 40 c.c. water, left at the 
temperature of the room for # hour, and then filtered. A slow stream 
of CO, was passed through a part of the filtrate for 4 hour, in this 
about 42 of the peptic power was destroyed; through another portion 
a rapid stream of CO, was passed for 2 hours, in this about $8 of the 
peptic power was destroyed. 

On passing CO, through a neutralized acid extract of a frog’s 
oesophagus, i.e. an extract containing pepsin, little or no loss of peptic 
power took place. 

So far this seemed to give another means of estimating the relative 
amounts of pepsinogen and pepsin in an extract, but. we soon found 
that the addition of a neutralized acid extract to the aqueous extract 
very greatly diminished the amount of destruction in the aqueous 
extract; and further that the same effect was produced by adding the 
boiled pepsin extract to the pepsinogen extract, thus for example in a 
mixture of equal volumes of boiled pepsin extract and of pepsinogen 
extract the destruction was only ? to 4. 

Further we found that if care were taken to tae as little peptone 
as possible present in the pepsin extract, some destruction, of pepsin 
took place on passing CO, through it. 

Hence then CQ, is capable of destroying both pepsin and pepsin- 
ogen in their respective extracts, but the destruction of pepsin is less 
than that of pepsinogen partly at any rate because, with the pepsin, 
_ peptone is present. And in fact a small amount of peptone is sufficient — 
to prevent the destruction of pepsinogen. We have not determined the 
lower limit of percentage of peptone at which no destruction takes 
place, but in one experiment ‘25 p.c. peptone completely prevented it. 

_ Since however there is rather more destruction in a mixture of 
pepsinogen extract and boiled pepsin extract, than in a mixture of 
pepsin extract and boiled pepsinogen extract, we may fairly conclude 
that pepsinogen is somewhat more readily destroyed by CO, than 
pepsin. 

Other proteids besides peptone hinder or prevent the destruction of 
pepsinogen. Thus an aqueous extract of frog’s muscle renders the 
destruction slight, although a copious precipitate takes place from the 
00,, 

On making a pepsinogen extract with ‘1 p.c. MgSO, instead of with 


“4 
4 
4 
& 
ug 


+1 
it 
H rdf 
i 
ig 
' 
| 
APR 
ug 


408 J. N. LANGLEY AND J. 8, EDKINS. 


water, we found that in it the destruction of pepsinogen by CO, was 
greater than in the aqueous extract. A small quantity of acetic acid 
up to ‘05 p.c., or of sodium carbonate up to 02 pc, has a similar 
although less effect. 

The probable explanation of this seems to us to be, that in the 
aqueous extract part of the pepsinogen is not dissolved but suspended 
in fine particles and that the addition of small quantities of magnesium 
sulphate, acetic acid or sodium carbonate cause a more or less complete 
solution. We give the following experiment to illustrate the be- 
haviour of pepsinogen under various conditions = OO,. 


EXPERIMENT XX. 


Effect of CO, on Pepsinogen wnder various conditions. 


Oct. 7, 1885. Seven frogs (4 hungry and 3 in digestion), oesophagi cut — 
out, surface epithelium scraped off, Washed a second or two in water; then 
placed in 65c.c. water and teased out, Placed in water bath at 35°C, for 
55 mins, Filter—filtrate rather viscid. 


Prepare 
— acetic acid sodium carbonate 
(1) Extract + 0 0 


(2) in +2:5ec. p.c. + 0 

(3) + 2500. ‘3p.c. + 0 

(4) + 0 +25c.c, *15 p.c. 
(5) + 0 + 2°5e¢.c, 
(6) + 2°5 ¢.c, peptone °75 p.c. 

(7) + MgSO, p.c. 

(8) + 2°5c,c, HCl -075 p.c. 


In (6) a neutral solution, of Savory and Moore’s peptone was used, 
Make also (9) (10) (11) each 5c.c, extract. 
Pass a rapid stream of CO, through each of these for about 14 hours. 
Make up each of the fluids to 10c.c. as follows. 
Add to 
acetic acid sodium carbonate 
(1) 25ec. of ‘3p.c. + 25ec. of 
(2) 1:25c¢. of 3 p.c.+1:25c.0. of ‘6 p.c. 
(3) 0 +25 ¢.¢, of *3p.c. 
(4) 1:250c. of 6p.c.+1:25¢0 of ‘3 p.c. 
(5) of Spc + 
‘It will be noticed that now the total amount of acetic acid and of sodium 
carbonate added to each of (1)—(5) is the same, though the amounts ‘added 
before passing CO, are different. 
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(6) (7) (8) Each 2-5c.c. H,O. 
(9) 2-5c.c, peptone ‘75 p.c. "+25 HO. 
(10) 25ec. MgSO, ‘Spc. + 
(11) HCl O75pc + ,, 
It will be noticed that (6) and (9) contain the same amount of peptone, (7) 
and (10) the same amount of MgSO,, and (8) and (11) the same amount of 
HCl. 

To each add 10c.c, HCl -4p.c. The only two which are without some 
precipitate are (6) and (8). Make up standards (S,), (S,), (S), (S,), (Sw) 
(S32), (Sea)> (Sieg) having same amount of acetic acid, sodium carbonate and 
hydrochloric acid as (1) to (5). 

To each add 3c.c. fibrin and put in water bath at 35°0, The fibrin 
occupies 10c.c. of fluid in each test-tube, we may take then the residue as 
measured as indicating the rate of digesting. With so many test-tubes, a 
considerable time was taken in shaking them and measuring the undissolved 
fibrin, during this time the test-tubes were cooling down to the temperature 
of the room. We give then the times during which the test-tubes had been 
at 35°C., and at the temperature of the room at each observation. 


Test-tube. | Residue of fibrin. | Nature of fluid in test-tube. 
7’ at 35°C. 
S : Same amount extract as in (1)—(11). 
) } Boe. Extract with peptone ‘25 p.c. + CO.. 


amount extract in (1)—(11). 


(6 
1 cc. Extract with HCl ‘025 p.c. + CO,, 
( 2°5 c.c. 

tract with Na,CO, °1 p.c. 


4c.c, 


c.c. } of extract in 
veal { 10c.c. In some di- 
gestion beginning. 


11’ at 35°C. ; 14’ out of water bath. 


S 15ec. } of extract in (1)—(11). 

ts 3'5 c.c. extract. 

( 4°5 cc. tract with ‘1 p.c. acetic acid + CO,,. 

(4 Extract with Na,0O, 05 p.c. + CO, 
(S, 18 extract. 

silk { 10c.c. In some di- 

gestion | beginning. 
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81 at 35°C. ; 31’ out of water bath. 
(S,,) 3 c.c. 


extract. 
(10 65c.c. Extract + CO,, then MgSO, added. 
75 cc. Extract with acetic acid 05 p.c. + CO.. 
9) << . Extract + CO,, then peptone added. 
{ 10c.c. In some di- 
gestion beginning. 


43! at 35°C.; 39’ out of water bath. | 


(9 Extract +CO,, ‘then peptone added. 
(S 1 - extract. 
(ii) Extract +CO,, then HCI added. 
rest 10 cc. | 
53’ at 35°C. ; 
| 


very little dissolved. 
nearly 10 c.c, th MgSO, 


(7) 


- In the above experiment we see that in the presence of ‘25 p.c. 
peptone (6), CO, causes no loss of peptic power; in the presence of 

HCl ‘025 p.c. (8), it causes a slight loss. In the presence of Na,CO, 
‘1 pc. (5), the loss is less (} to } of the whole) than in the extract alone 
(1), in which the loss is nearly 4§; whilst in the presence of Na,CO, 
“05 p.c. (4), the loss is practically the same as in the extract alone. As 
has been mentioned above with a still smaller percentage of Na,CO,, 
the destructive action of CO, is increased. Thus in another experiment 
15 of the peptic power was destroyed by CO, in the aqueous extract ; 
rather more than #4 of the peptic power was destroyed to which Na,CO, 
had been added to ‘01 p.c., and still more in the extract to which 
Na,CO, had been added to 02 p.c. Hence then up to about 02 p.c. 
the destruction is increased, above 05 aie the destruction is de- 
creased. 

Acetic acid behaves in the same way; in this experiment in the 
presence of acetic acid ‘05 p.c. (2) more than $4 of the peptic power is 
destroyed by CO, whilst in the presence of ‘1 p.c. acetic acid (3), the loss 
is about {% Le. rather less than in the simple aqueous extract. In 
another experiment rather less than 34 of the peptic power was destroyed 
by CO, in the presence of acetic acid ‘01 p.c. and more than $4 in the 
presence of acetic acid 02 p.c. In the presence of MgSO, ‘1 p.c. more 
than §} of the peptic power is destroyed. 
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There is one other point that calls for remark; the loss of peptic 
power in the simple aqueous extract on passing co, through it, varies 
~ from 4§ in (1) to $3 in (9). This was chiefly due we think to different — 
amounts of CO, being passed through the different sets of test fluids, 
(1) to (5), (6) and (9), (7) and (10), (8) and (11). Each set was supplied 
with CO, from a different apparatus, and whilst care was taken to ensure 
that the same quantities of CO, passed through the fluids in any one set, 
we could not regulate the supply so that the same quantity passed 
through the fluids in different sets. The differences may also in part be 
due to the different substances added to the fluids before their peptic 
_ power was tested ; in part they may be also due to experimental errors, 
for it is difficult to avoid a little fluid and precipitate being carried by 
the bubbles of CO, to the top of the test-tube, in this way a little of 
the extract may escape the action of the gas. 

In one case, and in one case only, more than $4 of the peptic power 
of a presumably pepsin solution was —— by passing OO, 
through it, 


EXPERIMENT XXI. 


Destruction of Pepsin of Frog by CO,. 


_ Jan. 5, 1886. Six frogs killed; oesophagus taken from each, surface 
epithelium scraped off, muscular coat carefully cut away; cut up and teased 
in 40c.c. water for 10 mins. at 35°C. Filter. Filtrate+4ec. HCl 1 p.c. 
warmed at 35°C. for 16mins.; cool and neutralize with Na,CO, -2p.c. 
Filter, and put at 30°O. to concentrate. 
Jan. 6. Fluid evaporated to 24c.c.=P. The fluid foams on shaking but 
gives a blue colour only with NaHO +a drop of CuSO,. 
Take oesophagus from 3 frogs, prepare as above, cut up and tease in 20c.c. 
water + 4¢.c. MgSO, lp.c. Filter. Filtrate = Z. | 
Pass CO, for 1 to 1} hr. through following | 
(1) P+25c.c. water = P,+H,0 + 00,. 
(2): Z+25e.c. water = Z,+H,0 +C0,. 
(3) 25e.c. P+25ec. Z boiled and cooled = P, + Z, boiled + CO,. 
(4) 250¢.c.Z+2'5c.c. P boiled and cooled = Z, + P, boiled + CO,. 
(5) Z = P,+Z,+C0O,. 
(6) P+ MgSO, p.c. = P,+ MgSO, + CO, 
(7) 7+ 25 cc. MgSO, ‘2 p.c. =Z,+ MgSO, + CO,. 
To each add 5c.c. HCl ‘4 p.c. 
Prepare also P,, P,, P,, Ps, Pr, P,, and Z,, 
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 Diluting fluid = 75 c.c. water + 100¢.c. HCl ‘4 p.c. 

Z, was prepared by taking 2°5c.c. of Z,, adding 17-5c.c. diluting fluid, 
and taking 10c.c. of the mixture. 

4, by adding 10c.c, diluting fluid to the remainder, and taking 10c.c. of 
the mixture and so on, 

P, to P,, were prepared in the same manner, It will be noticed that 
this gives a rather greater proportion of acid in the weaker peptic solutions. 
2c.c. fibrin was added to each, and all placed at 36°C. 

The order of solution of fibrin was as follows 

Z,, 2, Py, Zy, Po, Zp, Py, 26; Ps, Py + CO,, and P,+Z,+C0O, 
equal, P,,, Z,, and P,, nearly equal, P, + MgSO,+CO,, P,+Z 
Z,+ MgSO, + CO,, Z+H,0 +00,, Z +P boiled + CO,. 

In this case we must suppose that the CO, was able to destroy pepsin, 
since greater care was taken to reduce to a minimum the amount of proteids 
in the pepsin solution. It will be noticed however that the pepsin was less 
destroyed than the pepsinogen. For the reasons given after Exp. XX. the 
exact order of solution cannot be insisted on, but it is possible that more 
pepsinogen was destroyed in the extract diluted with water than in that 
diluted with MgSO, since the extract contained nearly ‘2 p.c. MgSO, before 
dilution, Here as in some other cases the relative peptic power of Pand Z 
is altered by great dilution. 


_ CO, appears to have no ‘other effect. on pepsinogen and pepsin 
than that of destroying them. We have not found that it turns either 
pepsinogen to pepsin, or pepsin to pepsinogen. 

In the aqueous extract of the mammalian gastric mucous membrane 
the amount of proteids is so great, that CO, when passed through it 
causes but a comparatively slight loss of peptic power. Thus in the 
aqueous extract of a cat (Exp. XIV. p. 391) about 3? of the peptic power 
was destroyed by CO, in an hour, in the presence of ‘025 p.c. Na,CO, 
the destruction was less, possibly about 4. 

Similarly we have not found any great loss of peptic power on 
passing CO, through a glycerine extract of a mammalian stomach, even 
though we had reason to think that much pepsinogen and little if any 
pepsin was present. Nor have we succeeded in preparing a solution 
of mammalian pepsin either by Briicke’s method or by dialysing, 
which contained so little peptone that the pepsin was largely destroyed 
by CO,. 

We may mention some other reagents which we have tried on 


pepsinogen and pepsin. 
Carbonic oxide when passed through an aqueous extract of a frog’s 
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oesophagus causes no loss of peptic power, nor does it convert pepsinogen 
into pepsin, 

Hydrogen peroxide when added to a pepsin or to a pepsinogen 
solution causes some loss of peptic power. 

Osmic acid causes some loss of peptic power when it is added either 
to a pepsin or to a pepsinogen solution prepared from the oesophagus 
or stomach of a frog. But the destruction is not rapid, for an extract 
may retain considerable peptic power after it has stood for a day with 
an equal volume of 1 p.c. osmic acid. 


The following is a summary of the chief results which we have come 
to; some of them simply confirm previous observations, 

Pepsin is very rapidly destroyed by alkalies and by alkaline salts. 
The principal conditions which influence the rate of destruction of pepsin 
by sodium carbonate are, the strength of the solution of the alkaline 
salt, the time during which it is allowed to act, the temperature of the 
mixture, and the amount of proteids present. The mere act of neu- 
tralizing an acid pepsin solution may destroy a considerable part of the 
pepsin, When equal volumes of a fluid containing pepsin and of a1 p.c. 
solution of sodium carbonate are well mixed, the greater part of the 
pepsin is destroyed in fifteen seconds; in a neutralized acid extract of 
the gastric mucous membrane of a cat, the amount thus destroyed may 
be 34 of the whole. Even very dilute sodium carbonate (005 p.c.) 
will cause an appreciable destruction of pepsin in one to two hours at 
the body temperature, provided proteids are present in small amount 
only. 

- 'Proteids lessen the rate of destruction of pepsin, probably by com- 
- bining with the alkali or alkaline salt, for the greater the amount of 
sodium carbonate present, the greater must be the amount of proteid to — 
lessen appreciably the destruction. In the presence of ‘5 p,c. sodium 
carbonate, less than ‘25 p.c, peptone has very little effect, and even 2'5p.c. 
peptone does not prevent the greater part of the pepsin from being 
destroyed. Thus in the presence of 2°5 p.c. peptone { of the pepsin in an 
extract of a cat’s gastric mucous membrane may be destroyed at 17° C, 
by *5 p,c. sodium carbonate in 60 seconds, 

Pepsin prepared from a frog is less rapidly destroyed than pepsin 
prepared from a mammal. 

Since the aqueous extract of the gastric mucous membrane of a 
hungry animal does not lose peptic power, or loses very little, on brief 
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treatment with sodium carbonate 1 p.c., it follows that pepsinogen, but 
little or no pepsin, is present in the gastric glands in hunger. 

The difference between pepsinogen and pepsin in their behaviour to 
reagents is one of degree only and not one of kind. Pepsinogen like 
pepsin is destroyed by alkalies and alkaline salts, but the destruction is 
much slower. Pepsinogen is very rapidly converted into pepsin by 
dilute mineral acids; at 20° C. all or nearly all the pepsinogen present 
in an aqueous extract of a cat’s gastric mucous membrane may be con- | 
verted into pepsin in 60 seconds by ‘1 p.c. hydrochloric acid. In the 
absence of acid, pepsinogen is fairly stable, in neutral and in alkaline 
solutions its conversion-is slow, and in a glycerine extract it may remain 
unchanged for years. Pepsinogen, at any rate that prepared from the 
frog, is not affected by passing a stream of oxygen through it. 

In consequence of the rapidity of conversion of pepsinogen to pepsin, 
it is difficult to be certain whether pepsin is or is not present in the 
gastric glands during digestion and after the injection of peptone into 
the blood. In both cases acid gastric juice is present in the stomach, 
and it is probabie, since the glands are secreting at the moment of death, 
that a little acid remains in the lumina of the glands and before it can 
be neutralized, soaks into the gland-cells and changes some pepsinogen > 
to pepsin. In fact pepsin is sometimes present in an extract prepared 
from the gastric glands of a digesting animal; but it is not always 
present, so that digestion does not necessarily cause an accumulation of 
pepsin in the gland-cells. 

In the oesophageal glands of the frog neither digestion nor the 
injection of peptone causes an accumulation of pepsin in the gland-cells. 
We conclude then that normally the ‘excretion’ of pepsin from the 
gland-cells goes on hand-in-hand with its formation from pepsinogen, so _ 
that neither in hunger, nor in digestion, nor after the injection of 
peptogens into the blood, is more than a trace of pepsin present. 

Carbonic acid when passed through an aqueous extract of a frog’s 
cesophageal glands for about an hour destroys nearly the whole of the 
pepsinogen ; the rate of destruction is increased by the presence of a 
small quantity of magnesium sulphate, of acetic acid or of sodium — 
carbonate. The destruction is most rapid in the presence of about ‘1 p.c. 
magnesium sulphate. Peptone greatly delays the destruction, and when 
about ‘25p.c. of it is present, prevents the destruction altogether. 
Albumin and globulin have an effect similar to, but much less than, 
peptone. 

Carbonic acid destroys pepsin also, but less readily than it destroys 
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pepsinogen. It is difficult to obtain a pepsin solution sufficiently 
free from peptone to allow any great destruction to take place. 
Similarly the aqueous extract of a mammal’s gastric mucous membrane 
contains so much proteid that carbonic acid has a very slight effect upon 


_ the pepsinogen, compared with that ised it has upon the pepsinogen 
extract of the frog. 


Both pepsinogen and pepsin are spills destroyed by warming to 
55° C.—57° C. 

Finally we may note that some of the experiments suggest the exist- 
ence of different kinds of pepsin, either caused by the action of i 


_ or naturally —— from pepsinogen. 
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‘PLETHYSMOGRAPHIC EXPERIMENTS ON THE VASO- 
MOTOR NERVES OF THE LIMBS. By H. P. 
BOWDITCH, Professor of Physiology axv J. W. 
WARREN, M.D, Assistant in Physiology, Harvard Medical 
School, (Pl. XIIL) 


THE study of the vaso-motor system in the limbs is peculiarly 


interesting and important since, on account of the exposed position of 


these parts, it might naturally be expected that the mechanism for 
regulating their temperature would be especially well developed. This 
expectation is fully borne out by the recent experiments of Lewaschew’, 
who found that “the influence of the vaso-motor apparatus of the limbs 
grows weaker in the direction from the periphery to the centre.” This 


_ depends not only upon the greater vascularity of the distal portions but _ 


upon the presence of a greater number of vaso-motor nerves. 

Nearly all observers who have investigated this subject have used 
the temperature of the skin as an indication of the condition of the 
cutaneous blood-vessels, and there can be no doubt that in a general way 
a vascular dilatation is attended by arise, and a vascular constriction by a 
fall, of local temperature. 

It is however by no means certain that changes in temperature and 
in cutaneous vascularity are absolutely synchronous. In fact the 
researches of Gaskell’ on the vaso-motor nerves of muscles have shown 
that in these organs the thermometer cannot always be relied upon to 
indicate the degree of vascular dilatation, and, as the temperature of 
the skin must be to some extent dependent upon that of the subjacent 
muscles, it is evident that the amount of blood circulating through the 
limbs will not, at all times, be accurately measured by the cutaneous 
temperature, though this source of error is of course reduced to a 
minimum when the temperature is measured, as it usually is, between 
the toes, where the amount of subjacent muscular tissue is very small. 

_A brief mention of some of the conclusions reached by recent 
observers, most of whom have employed this method of research, will 


1 Pfliiger’s Archiv, xxvmt. 389. 2 This Journal, 1. 262. 
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suffice to show the importance of adopting some test for vascular fulness 
other than the record of the thermometer placed between the toes. 

The vaso-motor nerves at the time of their first discovery were 
supposed to be purely vaso-constrictor in their functions, the well- 
known influence of the cervical sympathetic nerve over the vessels of 
the face and ear being regarded as typical of vaso-motor activity in 
general. It was soon discovered, however, that certain nerves have 
functions of a precisely opposite character. Thus Bernard’ showed that 
stimulation of the chorda tympani dilated the vessels of the sub- — 


maxillary gland, Eckhard’ demonstrated a similar influence of the 


nervi erigentes on the arteries supplying the corpora cavernosa penis, and 
Vulpian’ proved the existence in the lingual nerve of vaso-dilator fibres, 
derived from the chorda tympani, and supplying the vessels of the 


tongue. These nerves were however commonly regarded as occupying 


an exceptional position, and the theory that the vaso-motor nerves of the 
body generally are constrictor in their function met with no serious 
opposition till Goltz in his article “Ueber gefiisserweiternde Nerven‘” 
maintained the view that the vaso-dilator fibres of the body play a far 
more important part than the vaso-constrictors, and that the vascular — 
dilatation in a limb caused by section of its nerve is due not, as_ 

commonly supposed, to paralysis of vaso-constrictor fibres, but to 


irritation of vaso-dilators, Although the observations of Putzeys and 


Tarchanoff, pupils of Goltz’*, did not sustain this theory, it was still 
defended by its originator. Ostroumoff® pointed out a possible way of 
reconciling these conflicting views, by showing that while tetanic 
stimulation of the peripheric end of a freshly divided sciatic nerve 
causes a prolonged contraction of the vessels of the foot indicated by 
a decided fall of temperature, the same stimulation applied to a nerve 
three or four days after section is followed by a rapid rise of tem- 
perature. He also found that stimulation by single induction shocks 
applied at intervals of five seconds causes, even when the nerves are 
freshly divided, a rise of temperature in the foot. Kendall and 
Luchsinger’ reached similar conclusions in an entirely independent 
set of experiments. 

1 Ligquides de Vorganisme 1. 269. 

2 Beitrage, mt. 125 and rv. 69. 

3 Lecons sur Vappareil vaso-moteur, 1. 154. 

4 Pfliiger’s Archiv, 460. 

5 Archiv fiir Anatomie and Physiologie. 1874, p. 371. 


6 Pfhliiger’s Archiv, x11. 219. 
? Pfliiger’s Archiv, x11. 197. 
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Lépine’ found that stimulation of a freshly divided nerve causes 
vascular contraction if the limb has been warmed, and vascular dilata- 
tion if it has been cooled, previous to the experiment. A similar con- 
clusion was reached by Bernstein’ who, in fact, regarded a compara- 
tively low temperature of the limb as the only condition necessary for 
causing any form of irritation of a freshly divided sciatic nerve to 
produce a vascular dilatation. Edgren* on the other hand, found that 
the effect of irritating the sciatic nerve upon the temperature of the leg 
depends, not upon the initial temperature of the part, but upon the 
length of time which has elapsed since the section of the nerve, the 
result being a cooling of the foot during the first day, and a warming 
from the second to the fifth day, after the-section. 

Karlin‘ found that on limbs artificially cooled, division of the nerve 
causes dilatation, and irritation of the nerve constriction, of the cutaneous 
blood-vessels. He explained the vascular dilatation found by Bernstein 
as produced by exhaustion of the constrictor mechanism’. In all the 
more recent of the above-mentioned experiments the temperature 
recorded by a thermometer placed between the toes was regarded as in- 
dicating the condition of the cutaneous vessels. — 

_ In the hope of reconciling some of the discrepancies between the 
results of the various observers and of throwing new light upon the 
problem of vascular innervation, an attempt has been made to apply the 

plethysmograph to the solution of the question. | 
It is evident that no sudden changes can occur in the volume ts a 
limb except those caused by the varying amount of blood flowing through 
it. Hence the plethysmograph may be depended upon to indicate 
accurately the changes in the size of the blood-vessels. The plethys- 
mographic method has an important advantage in such a research since 
it registers the vascular changes more directly and more promptly than 
a thermometer which, however delicate, takes a considerable time to 
assume the temperature of the medium by which it is surrounded. It 
is quite possible, therefore, that transient vascular changes may entirely 


1 Société de Biologie, March 4th, 1876. 

2 Pfiiger’s Archiv, xv. 575, : 

3 Contributions a la connaissance de la température des organes périphériques. Stockholm, 
1880. A Swedish pamphlet with a French résumé, 

* Beitrage zur Lehre von der Gefissinnervation. Dissertation, Berlin 1882. 

5 The literature of this subject is given more fully by Humilewski, in his recent 
article on the effect of muscular contraction on the blood circulation in the hind limbs. 
Archiv fiir Anat. und Phys., Physiologische Abtheilung. 1886, p. 126. 
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escape detection by the latter method. The plethysmograph, moreover, 
always indicates equal changes of volume by equal excursions of the 
index, whereas, by the thermometric method, the change of temperature 
caused by a given change in the cutaneous blood-vessels will vary with 
the temperature of the surrounding air. : 

After some preliminary experiments on other animals it was decided 
to employ cats in this research, since adult cats vary less than dogs in 
size and other physical peculiarities, and are much more vigorous and 
tenacious of life than rabbits or other animals usually employed in 
physiological laboratories. The latter point is one of considerable im- — 
_ portance in experiments extending over several hours. 

A number of trials were made to determine the best form of 
plethysmograph for this purpose, and it was finally found best to enclose 
the leg of the animal in a glass tube closed at one end and provided 
with a rubber collar at the other. A large side-opening in this tube 
could be closed by a perforated rubber stopper, through which it was 
possible to fill the tube around the leg with water of any desired 
temperature, and to connect the air-space left in the tube just below 
the stopper with a delicate Marey’s drum, which recorded the varying 
volume of the leg on smoked paper covering the surface of a slowly 
revolving cylinder. The animals were curarized and kept alive by 
artificial respiration, while the peripheric end of the divided sciatic 
nerve was stimulated by induction shocks varying in intensity and 
frequency. | 

The pieces of apparatus employed in this research were consequently 
the following :— 

1. Artificial respiration apparatus. 

2. Plethysmographic leg-holder. 

3. Marey’s recording drum. 

4. Slowly revolving cylinder. 

5. Electrical interrupter. 

As all these instruments differ in certain details from those in com- 
mon use, they will be briefly described. 


Artificial Respiration Apparatus. 
This apparatus has been figured in the “ Description of the Physio- 
logical Laboratory, Harvard Medical School*”. It consists of a small 


1 Science, No. 80. 1884. 
PH, VII. 30 
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water motor supplied from a tank in the upper part of the building 
by means of which constant pressure, and thus uniformity of motion, 
is secured. This motor is connected with a stop-cock which, by proper 
adjustment of the gearing, can be made to revolve with any desired 
rapidity. The water escaping from the motor passes into an ordinary 


_ water-bellows, the cylinder of which is placed in the basement of the 


building about 30 feet below the motor. The constant stream of air 


from this instrument is directed through the revolving stop-cock and 


is thus converted into a series of jets of which the frequency is regulated 
by the rate of revolution of the stop-cock, and the force by a side- 
opening in the delivery tube. The whole apparatus is a fixture upon 
one of the walls of the building, but, by an arrangement of pipes, the 


air can be delivered in any part of the laboratory. 


The experiments to be described were so prolonged that it seemed 
important to give to the air thrown through the tracheal cannula into 
the lungs, a temperature and a degree of moisture as near as possible 
to those of the air when inspired through the natural channels. The 
air was therefore warmed, just before reaching the animal, by passing 


it through a coil of lead pipe immersed in a copper vessel filled with 


water which could be heated to any desired temperature, while a proper 
degree of moisture was imparted to it by introducing a glass bulb 
containing wet sponges, which was also enclosed within the same copper 
vessel. By keeping the temperature of the water in this vessel at 
about 70°C. and the sponges in the bulb well moistened, it was found 
that the air reached the trachea at about the temperature of the 
body and saturated with moisture. This portion of the apparatus is 
represented diagrammatically at fig. 1 A. 


Plethysmographic leg-holder. | 
The leg-holder employed in this research is shown in Plate XIII. B, 


but its construction may be better understood by reference to its 


diagrammatic representation in fig. 1. It consists of a glass tube 
17 cm. long and 43 cm. wide, closed at one end and provided at the 
other with a rubber collar to fit around the thigh of the animal. A 
side-opening in this tube 3 cm. wide forms a short neck which is 
closed by a rubber stopper, C, perforated in three places. The first 
of these openings gives passage to the bent tube D, which is connected 
in the leg-holder with a short piece of rubber tube. Through these 
tubes the space around the leg can be filled with water of any desired 
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g temperature, The second opening admits one arm of the + tube, Z£, 
L, which is large enough to contain a thermometer, the bulb of which 
is plunged into the water close to the leg of the animal. This 
thermometer is fitted tightly into the upper part of the tube by 
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means of a rubber stopper,—but below it fits so loosely that the water 
_ which enters through D escapes between the thermometer and the 
tube which contains it, and finds an exit through the stop-cock O, as 
shown in the diagram. It is thus possible, by opening the stop-cocks 
J and K communicating with vessels containing hot and cold water, 
to supply the leg-holder with water of any desired temperature. The 
tube £ projects 1 or 2 cm. below the stopper, so that an air-space 
of that depth can always be maintained in the neck of the holder. 
This air-space is in communication with one arm of the - tube, F, 
which is fitted into the third opening of the stopper. This tube is 
provided with two stop-cocks, M and N, of which the former establishes 
a connection with a delicate Marey’s drum G, while the latter opens 
freely into the air and serves for the readjustment of the writing lever. 


Marey's Recording Drum. 


_ The drum used in most of the experiments was the one figured 
od Grumnach in the Verhandlungen der Berliner physiol. Gesellschaft, 
30 Juli, 1880*. It has a membrane 3°4 cm. in diameter, and a lever 
20 cm. in length and measuring 5 mm. from the fulcrum to the point 
at which the excursions of the membrane are communicated to it. 
These excursions are therefore magnified 40 times, and as the rubber — 
membrane is very thin, while the long arm of the lever (which is 
made of straw tipped with a bit of tinsel) is balanced by a small 
brass weight sliding on a steel pin, the whole apparatus is exceedingly 
sensitive, as the delicacy of the tracings obtained with it abundantly 
proves. 

Theoretical objections may be urged against the use of a drum 
of this sort for quantitative measurements of change of volume, The 
same change of volume does not produce the same movement of the 
writing lever in all parts of its excursion, since the resistance of the 
elastic membrane increases as it is stretched beyond its position of 
equilibrium ; and the elasticity of the rubber membrane varies from day 
to day, so that observations made at different times are not comparable 
with each other. In spite of these objections, it was thought best 
to employ this method of recording the changing volume of the leg, 
because it was believed that no serious error could be thus introduced 
into the results, and the great delicacy of the instrument, which 


1 Archiv fiir Physiologie, 1880, p. 440. 
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enabled it to record slight and transient changes of volume, was 
considered to far outweigh the above-mentioned possible disadvantages. 
In all the curves traced with this instrument a rise or fall of 1 mm. 
may be regarded as corresponding to a change in the — of the 
leg, of 0°008—0'012 c. cm. 

In some of the experiments in which it was desired to record the 
changing volume of both legs at once, a second drum was employed 
of the same dimensions as the first, but of somewhat simpler construction. 
The appearance of this drum is shown in Plate XIII. A, and the following 
peculiarities in its construction may be noted. (1) The tube which 
conveys the air to the drum serves at the same time to connect the 
apparatus with the holder. (2) The fulcrum of the writing lever is 
supported on a piece of lead wire attached to a socket which slides 
upon the above-mentioned tube. (3) The socket which serves to attach 
this tube to the holder is secured to a piece of spring brass which, 
being adjustable by a screw, brings the point of the writing lever with 
great precision against the surface of the smoked cylinder. 


Slowly revolving cylinder. : 

Since the changes in the size of the leg under the influence of 
the vaso-motor nerves occur quite slowly, the cylinder on which 
they are registered must have a correspondingly slow rotation. In 
practice it was found that with one revolution in an hour very 
satisfactory tracings could be obtained. For the earlier experiments 
a rude form of apparatus was constructed in the laboratory by attaching 
a@ common clock movement face upwards upon the top of the extra 
cylinder, which is furnished with an ordinary kymographion. The 
pivots which carry the hands were prolonged upwards, and so arranged 
that either of them could be clamped in a holder. If the pivot of 
the hour hand was clamped, the clockwork, and with it the cylinder, 
would of course revolve once in 12 hours, while if that of the 
minute hand was fixed the same revolution would be accomplished 
once in an hour. 

In the later experiments a more perfect instrument, made by 
Baltzar in Leipzig, was employed. This apparatus (see Plate XIII. C’) 
consists of a clock movement supported face downward above a cylinder 
revolving round a vertical axis, on which it can be adjusted through 
a distance equal to its own length. Instead of hands the clock 
movement carries two discs of equal size with slots cut round the 
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edges. A pawl on the axis of the cylinder can be adjusted so as to — 
fit into a slot in either of these discs, which thus communicate to the 
cylinder a movement of rotation at the rate of once in one hour or 


once in twelve hours, according to the disc to which it is attached. 


On the surface of this cylinder are recorded not only the variations 
in the size of the leg, as shown by the movements of the writing 
lever of the Marey’s drum already described, but also the moment 
at which an irritation is applied to the sciatic nerve. This is effected 
by means of the key shown in Plate XIIL C and also diagrammatically 
at fig. 1, I. As is evident from the diagram, this key when closed 
short-circuits the current from the secondary coil of an induction 
apparatus, so that a rise of the pen connected with it indicates the 
opening of this circuit and the consequent transmission of the current 

to the nerve. : 


The Electric Interrupter. 


In order to produce a series of induction shocks, the intervals 
between which could be varied at will, the apparatus employed in the 
first experiments was one constructed in the laboratory on the principle 
of Bernstein’s acoustic current breaker. It consisted of a steel rod 


bearing a platinum point, which dipped into mercury and was kept in 


vibration by an electro-magnet. By clamping it in various positions 
the rate of vibration could be varied from 4 to 80 in 1”. For slower 
rates the vibrating steel rod was replaced by a long spiral spring 
hanging vertically and supporting one end of a rigid steel rod, the other 
end of which rested upon a knife-edge. To this rod weights could be 
attached in different positions, thus varying the tension of the spiral 
spring and its consequent rate of vibration. The vibrations were main- 
tained in the usual way by means of an electro-magnet placed above 
the steel rod, and a platinum point dipping into mercury below. With 
this apparatus rates of vibration as slow as one in 1” could be obtained. 
For still slower rates the current was interrupted by means of an 
attachment to the hammer of a metronome. | 
_ All these instruments have the common defect that both opening 
and closing induction shocks are produced and sent through the nerve. 
It is, however, necessary in a careful study of the effect of variations 
in the rate of stimulation of a nerve to employ stimuli of perfectly 
uniform character, varying only in intensity and rate. In other words a 
series either of opening or of closing induction shocks should be used. 
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An apparatus, therefore, which permits either the opening or the closing 
shocks to be short-circuited is essential in such a research. 3 

An instrument of this sort made by Baltzar in Leipzig, which was 
used in all the later experiments, is represented in Plate XIII. D. It 
consists of a metallic cylinder, turned by clockwork and carrying two 
sets of pegs (like the pins in a musical box) which strike against two — 
levers, and thus break contacts between platinum points in a trough 


below, which is filled with alcohol or petroleum. The levers are so 


adjusted with reference to the pegs that the contact is both broken and 
restored by one lever a little earlier than by the other, the two periods 


_ of interruption thus overlapping each other. Consequently, if one lever 


is connected with the primary coil of an induction apparatus, and the 
other with a short circuit of the secondary coil, it is evident that a 

series either of opening or of closing induction shocks will be transmitted 
to the nerve, and a change may be made from one series to the other by 


_... imply reversing the connections of the two levers with the primary and 
secondary coils, This reversal is effected by the key which is shown __ 


just below the cylinder (Plate XIII. D) and which serves also to wholly — 
disconnect the instrument from the induction apparatus. The variation — 
in the rate of interruption is effected by setting the levers opposite the 
different. rows of pegs on the cylinder and also by changing the rate of 
revolution of the cylinder, which is accomplished by the shifting of a 
cog-wheel in the clockwork. By these means various rates of inter- 
ruption, from thirty in one second to one in thirty seconds, may be — 
obtained. The mode of connection of this interrupter with the induction 
apparatus is shown diagrammatically in fig. 1, L. 


Method of Experimenting. 


The cat to be experimented upon was etherized by being placed 
under a large bell-glass together with a sponge saturated with sulphuric 
ether, and then secured back upwards on a board of suitable size and 
construction, the head being held in an ordinary Czermak’s rabbit-holder. 
The sciatic nerve was then divided as near as possible to its point of 
exit from the pelvis by the following operation, which is similar to that 
described by Cyon’ for the dog. 

The skin is divided on a line drawn from the joint of the tail and 
the sacrum to the trochanter, care being taken not to cut too near the 
vertebrae on account of a large vein usually found in that region. This 


1 Methodik, p. 190. 
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incision falls very near a well defined white line of the fascia, which is 
then to be cut through. This line marks the division of what Mivart’ 
calls the two parts of the gluteus maximus. The posterior portion is 
lifted with a blunt hook, pushed back and held there, while another 
hook is put under the anterior portion and the gluteus medius, which 
lies below: These muscles being drawn forward, the nerve is brought 
into view; except in those cases where it is necessary to remove some 


adipose tissue for its exposure. The nerve may then be raised ona hook 


and divided, or a portion of it excised, as the experiment may require. 
In some cats the nerve appears to be exceedingly vascular, and the 
blood-vessels cannot always be readily isolated, so that occasionally 
considerable bleeding occurs, while in other cases the nerve may be cut — 
without losing a drop of blood. Such bleeding will generally cease in a 
few minutes, and we never found it necessary to put a ligature on the 
vessels or to plug the wound. 

If the influence of nerve-degeneration on the vaso-motor ee 
was to be studied, the wound was now sewed up, the cat allowed to 
recover from the effects of the ether, and the rest of the experiment 
postponed for one or more days. If the phenomena were to be studied 

on a freshly divided nerve, the operation was continued as follows. The 
sciatic nerve was exposed in the middle of the thigh by an incision 
between the hamstring muscles and a pair of shielded electrodes placed 
upon it. The electrodes were secured to the skin by means of the 
sutures which closed the wound. The cat was then placed upon the 
back, a small glass cannula was tied into the central end of the divided 
external jugular vein, and a large metal cannula with a side-opening of 
variable size was secured in the lower end of the divided trachea. 

The cat was then connected with the various parts of the apparatus 
in the following manner. The cannula in the jugular vein was attached 
to a graduated burette (fig. 1B) containing a $°/, solution of curare, and 
while the animal was still under the influence of ether a dose of 
14—2 c.c. was allowed to enter the circulation. In the course of a 
prolonged experiment this dose was usually repeated at intervals of 
about one hour, or whenever irritation of the sciatic nerve showed, by 
the production of muscular twitches, that the drug had been to a 
considerable extent eliminated. 

The tracheal cannula was connected with the A) 
for supplying warmed and moistened air from the respiration apparatus 
already described. 


1 The Cat, p. 155. 
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The leg was then inserted into the leg-holder, the rubber collar 
fitting snugly round the shaven and greased skin of the thigh. The 
space around the leg was then filled with water of any desired tempera- 
ture by opening the stopcocks J or K. During this operation the stop- 
cocks M and NW were closed and O left open. As soon as the water 
flowed freely from O the supply was cut off, the stopcock O closed, and V 
opened. Any change in the size of the leg was transmitted through the 
air space below the stopper C and the + tube F to the drum G, the lever 


of which recorded the variations on the cylinder H. A temporary 


opening of the stopcock M served to readjust the writing lever, in case 
the swelling or contraction of the leg became excessive. The leg-holder 
was suspended from an adjustable point of support, so that its position 
could be readily adapted to that of the animal. | 

The electrodes on the sciatic nerve were connected with the key 
(fig. 1, I), which was so arranged as to short-circuit the secondary 


current of the induction apparatus P. This secondary current was also 


short-circuited by the interrupter ZL, so as to give to the nerve a series 
of opening or of closing shocks in the manner already described. The 
induction apparatus used in most of the experiments was a large 
instrument having 10260 turns of fine wire in the secondary coil. The 
apparatus was graduated by Fick’s* method, in such a way that when 
the coils were pushed over each other, the intensity of the secondary 
current was represented by the arbitrary value of 1000, the unit of 
intensity being obtained when the coils were 50 cm. apart. A smaller 
apparatus was employed in some of the experiments, but this instrument — 
was graduated so as to correspond to the larger one, a maximum 
intensity of only 350 being obtained when the coils were pushed over 
one another. The pen of the Marey’s drum (fig. 1, G) and that of 
the key (fig. 1, J) having been adjusted so as to write as nearly as 
possible over each other on the revolving cylinder, and their deviation 
from this position being carefully noted, the experiment was begun by 
depressing the handle of the key, and thus allowing the secondary 
current to reach the sciatic nerve. 


Results. 


Before describing the effect of stimulation of the sciatic nerve on the 
size of the leg, it will be well to consider the character of the curve 
traced under the conditions above detailed, when the nerve is entirely at 


1 Cyon’s Methodik, p. 379. 
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rest. This tracing is often one of extreme delicacy and beauty; not only 
do the respiratory movements and the pulsations of the heart find their 
expression in alterations of the size of the leg, but the dicrotism of the 
arterial pulse may also, under favourable conditions, be thus recorded. 
On the slowly revolving cylinder which was used in nearly all the experi- 
ments, and which carried the paper at a rate of 8°3 m.m. in one minute, 
these rapid and delicate movements of the lever could not be recorded ; 
but in a series of records made to determine the latent period of the 
vascular change, in which a more rapidly moving cylinder was necessarily - 
used, such tracings as those shown in figs. 2 and 3 were readily obtained. 


Fig. 2. 


Fie. 3. 


In these figures the spaces on the horizontal line below the curve 
correspond to seconds, and the curves, like all others described in this 
paper are to be read from right to left’. 
An essential condition for obtaining tracings of this sort was found 
to be a proper adjustment of the pen, so as to press as lightly as possible 
against the smoked surface. A very slight increase of pressure was 
sufficient to produce so much friction that the pen did not record these 
rapid and delicate changes, but followed only the slower alterations of 
volume due to changes in the amount of blood present in the limb. 
This was of course no disadvantage, since the last mentioned changes 
were the special object of investigation; but the existence of these rapid 
movements of the pen must be borne in mind, since they serve to 
explain the varying breadth of the tracings on the slow-moving 
cylinder. For it is evident that any condition which will lead to an 
increased friction of the pen against the paper, will tend to suppress. 


1 The curves published with this paper are full-sized photo-electrotype reproductions 
of the original tracings, except figs. 4, 6 and 18 which are reduced one half. 
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these rapid movements and reduce the tracing to a very fine line (see 
fig. 4), while the opposite condition, by favouring their production, will 
cause the tracing to assume a very broad appearance (see figs. 5 
and 11). 

Among the conditions which thus change the appearance of the 
tracing may be mentioned (1) inequalities in the paper or in the layer 
of soot, (2) changes of temperature causing a bending of the tinsel 
point of the pen, owing to its being composed of. thin plates of two 
different metals with unequal coefficients of expansion. The tinsel was 
_ found to be so sensitive to changes of temperature, that the heat of the 
hand brought near it was sufficient to cause great changes in the 
appearance of the tracing or even to interrupt it altogether, by making 
the pen bend away from the smoked paper. This sensitiveness to 
changes of temperature which was discovered only during the last part 
of the investigation is, of course, an objection to the use of tinsel for 
this purpose since it causes irregularities in the tracing. (3). A con- 
siderable rise or fall of the pen, causing it to approach or recede from 
the curved surface of the cylinder. If the axis of the writing pen be 
not absolutely perpendicular to a plane passing through the axis of. the 
cylinder this difficulty is, of course, much increased. 

It is evident from these considerations that great caution must be 
exercised in drawing conclusions from the appearance or disappearance 
on the tracing, of the delicate oscillations of the pen ue by the 
cardiac and respiratory movements. 

The size of the leg, as indicated by the general level of the pen on 
the slow cylinder, was often found to remain nearly unchanged for a 
considerable length of time, and the effect of stimulating the sciatic 
nerve could then be studied very satisfactorily. On the other hand, 
cats were occasionally found in which spontaneous variations in the size 
of the leg were both frequent and considerable. An example of an 
extreme case of this sort is given in fig. 4, which records the changes in 


Fria. 4. 


Reduced one half from the original. 


the size of a cat’s leg during about half an hour, the sciatic nerve having 
been divided about three hours previously. (Here the spaces in the 
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horizontal line below the curve correspond to minutes.) Slighter and 
less frequent changes in the size of the leg were not at all unusual, and 
were at times quite inconvenient, as they interfered with the interpre- 
tation of the experiments, These changes consisted generally in a 
rather rapid dilatation followed by a slow return to the normal size, 
though at times a contraction seemed to be the primary phenomenon. 
An example of the automatic changes such as were most frequently met 
with is given in fig. 5. In fig. 6 are shown similar curves obtained 
simultaneously from both legs, the left sciatic nerve having been 


Fic. 5. 


Fia. 6. 


~ Reduced one half from the original. 


divided three days and the right about two hours before the tracings 
were made, It will be noticed that the curves are, in a general way, 
parallel to each other, showing that the causes of the variations are 
not local, Whether they are due to changes in the action of the heart 
or to alterations in the capacity of a collateral vascular area, e.g. the 
viscera, is a question which cannot be decided by any data furnished by 
our investigations. 

The individual differences between cats in respect to the character 
and energy of these vaso-motor phenomena will be still more strikingly 
shown in the discussion of the results of electric stimulation of the 
sciatic nefve. In this connection it is of interest to note that 
Kowalewsky’ found that, in these animals, the division of the lateral 
columns of the cord or of the cervical sympathetic did not always 
produce uniform results, 


1 Centralblatt fiir die Med, Wiss. 1885, s. 307. 
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Action of Curare. 


As curare had to be given at intervals of about an hour during 
the experiment opportunity was given to study its action upon the 
circulation in the limbs. This action manifested itself uniformly by 
a contraction of the leg, lasting usually not less than three minutes 
and often persisting for a much longer time. This action is seen in 
fig. 7, which shows the effect of the drug on the size of a single leg 
recorded on the fast cylinder, and in fig, 8, which shows the changes — 
occurring in both legs, the record being taken on the slow cylinder. 
It will be noticed that the effect is the same on both legs, though 
the nerve of one had been divided four days, while that of the other 
was freshly cut. It will also be seen in fig. 7 that the action of the 

heart does not seem to be affected by the drug’. Hence the diminished 


Fie. 7. 
Fig. 8, 


size of the leg is probably due to an action of the drug on the blood- 
vessels, but whether this action is constrictive upon the vessels of 
the legs themselves or dilating upon the vascular system elsewhere 
and whether, if the latter explanation be correct, the action is a 
direct one on the vessels themselves or indirect through the vaso- 
motor nerves are questions which are yet to be decided. The fact 
(established by eleven concordant observations) that when the nerve 


1 Of. Zuntz, ‘Uber die Benutzung curarizirter Thiere zu Stoffwechsel-Untersuch- 
ungen.” Archiv fiir Physiologie. 1884, 380. 
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is uncut the size of the leg increases instead of diminishing under 
the influence of the drug (see fig. 9) is calculated to throw light upon 
Fie. 9. | 


the problem, and suggests interesting lines of research upon the 


comparative action of drugs which are known to influence the | 
circulation. A few experiments made with nitrite of amyl gave 
somewhat discordant results, but the action appeared to be quite 
different from that of curare. The subject, though very interesting, 
was not further pursued as it lay outside of our plan of research. 


Effect of Electrical Stimulation. 


When the peripheral end of the cut sciatic nerve was stimulated 
by a series of induction shocks in the manner above described the 
change in the size of the leg was in nearly all cases one of three 
sorts :— 

(1) A prompt contraction (see fig. 10). 

(2) A prompt contraction followed by a dilatation (see fig, 11). 

(3) A slow dilatation (see fig. 12)*. 

Occasionally a dilatation followed by a contraction was observed, 
but these cases were so irregular in their appearance and so few in 
comparison with the total number of observations that they have 
been left out of account in the analysis of the results. Attention was 

Fie, 10. Fia. 11. 


R=30. I=400. D=24". R=2. I=300. D=20’, 


1 In these and in all subsequent figures the two vertical lines denote the beginning and 
the end of the stimulation ; R indicates the rate of stimulation, i.e. the number of shocks 
per second given to the nerve, I the intensity of the stimulation expressed in — 
units as above described, and D the duration of the irritation in seconds. 
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Fre. 12. 


R=3. I=50. D=4". 

directed to the following circumstances connected with the electrical 
stimulation in order to ascertain their effect upon the character of 
the result. 

I. Frequency of the induction shocks. 

II. Intensity of the stimulus. 

IIT. Duration of the stimulation. 

IV. Temperature of the limb. _ 

V. Length of time between the division of the nerve and the 
beginning of the experiment. : 

It may be mentioned at the outset that the duration of the 
stimulation and the temperature of the limb were found to have 
but slight effect upon the result of the experiment, and nearly all 
the observations which are now to be discussed were therefore made 
with a stimulation lasting long enough to develop its full effect 
(usually between 6” and 20”) with a temperature of the limb 
approaching as nearly as possible to the normal. Omitting for the 
present the consideration of those cases in which the nerve was 
divided one or more days previous to the stimulation we will 
proceed to the discussion of the results of stimulating a freshly 
divided nerve with special reference to the frequency of the induction 
shocks and the intensity of the stimulus. 

The following table shows the general result of 909 observations 
made on about 70 cats. The table is arranged to exhibit the effect 
of a slow, a moderate or a rapid succession of induction shocks with 
a weak, a medium or a strong stimulation. In the first column is 
given the varying frequency of the induction shocks grouped in three 
divisions, viz. L, from 1 in 10” to 4 in 1” (slow stimulation), IT, from 
5 to 16 in 1” (moderate peepee) and III., from 30 to 64 in 1" 
(rapid stimulation)’. 

1 The effect of stimulating the nerve by a series of shocks produced by the vibrating | 
spring of the induction apparatus was also studied, but the observations, 158 in number, 
made in this way are not utilized in the present discussion, for this mode of interrupting 
the primary current gave shocks of an undetermined rate, and moreover the stimulation 
thus produced seemed not to be strictly comparable in its physiological effect with that 
caused by the opening of a platinum or a platinum and mercury contact under alcohol. 
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‘The remainder of the table is divided into three main columns, 
showing the effect of stimulations of varying intensity, all the observa- 
tions with intensities between 10 and 90 being grouped together as 
“weak” stimulations, those between 100 and 250 being classified as 
medium, and those between 300 and 800 as strong stimulations. Each 
of these three main columns is subdivided into six smaller columns, in 
the first of which is given the total number of observations made with 
each rate and intensity of. stimulation. The next three columns give 


the per cent. of this total number, showing respectively, as a result. 


of stimulation, a contraction, a contraction followed by a dilatation, or a 
dilatation of the leg. These three phenomena are indicated by the 
signs —, —+, and + placed at the head of the columns, 

Now it is evident that in estimating the average result of a stimu- 
lation of given rate and intensity we may regard the observations 
contained in the —+ columns with reference either to the primary 
constriction, or to the subsequent dilatation, and two very different 
average results may therefore be calculated for each rate and intensity of 
stimulation. 

_ These results are given in the 5th and 6th columns, which show the 
average change in the size of the leg when calculated in these two ways. 
The figures in these columns indicate in millimetres the vertical move- 
ment of the recording pen, and as each millimetre corresponds in round 
numbers to 0°01 c.c. of volume it is easy to calculate the contraction or 
dilatation of the leg in any given case. : 

An example taken from the table will illustrate this explanation. It 
will be seen, for instance, that 218 observations were made with a slow 
(5—4 in 1”) rate and a medium (100—250) intensity of stimulation. 
These observations are divided into three groups, Ist a group comprising 
7°8°/, of the whole number, in which the stimulation causes a contrac- 


tion of the leg, 2nd a group, including 69°7°/, of the whole, where a— 


contraction followed by a dilatation is produced, and 3rd a group, 
comprising 22°5°/, of the observations, where a dilatation alone is the 
result of the stimulation. 

Now if, in the second of these groups, the primary contraction of 
the leg is alone regarded, the average result of this sort of stimulation 
for these 218 observations will be found to be a contraction of the leg 
represented by a 1°2 mm. descent of the recording pen, while if the 
secondary dilatation of the leg is alone considered, the result will be a 
dilatation indicated by an ascent of 44 mm., as shewn in the 5th and 
6th columns of the middle division of the table. : 
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An examination of the figures in this table establishes the followiig 
propositions. 

I. Stimulations of every rate and intensity may give any one of the 
three results above enumerated, except that simple dilatations were 
never observed to follow rapid stimulations of medium and strong 
intensity. The cause of this great variety in the results of the experi- 
ments has, thus far, escaped detection. It is, perhaps, partially referable 
to the effect of fatigue, for in some cases it was found that the 
phenomena of dilatation were more easily obtained at the beginning 
than at the end of the experiment, or, to use the language of the 
commonly accepted vaso-motor theory, the vaso-dilator nerve fibres were 
more easily exhausted than the vaso-constrictors. It is possible also that 
varying conditions of nutrition of the animal may have influenced the 
result of the stimulation, but for the present no better explanation can 
be given of the different effects than to classify them as feline idio- 
syncrasies, | 

II. The number of observations showing a primary contraction 
and a secondary dilatation of the leg include, with every rate and 
intensity of stimulation, from 50 to 90 per cent. of the whole number, 
i.e. in a large majority of cases both vaso-constrictor and vaso-dilator 
fibres were stimulated by the application of electricity to the sciatic 
nerve. 

III. With each intensity of stimulation the per centage of cases 
‘showing a simple dilatation diminishes, and (with one exception) that of 
cases showing a simple contraction increases with an increasing rate of 
stimulation. In other words the vaso-dilator nerves are more irritable 
with a slow, and the vaso-constrictor nerves with a rapid rate of 
stimulation. 


IV. With each intensity of stimulation the average result whether 
calculated by the first or second method, shows, with an increasing rate 
of stimulation, a greater tendency to contraction. Thus with weak 
irritations a slow rate of stimulation gives a first average of + 0°1 and a 
second average of + 5°5, a moderate rate gives a first average of — 8'1 and 
second average of + 0:2, while a rapid rate gives a first average of — 142 
and a second average of —66. This result is in accordance with 
Proposition IIT. 


V. With a slow rate of stimulation both first and second averages 
show, with increasing intensity of stimulation, an increase of the con- 
stricting effect, ie. a feeble irritation acts relatively more on the vaso- 
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dilator and a strong irritation more on the vaso-constrictor nerves. With 
more rapid stimulation, this difference was not noticed’. 

It is evident that of the three results of electrical stimulation above 
enumerated (see p. 435) the second, i.e. the contraction followed by a 
dilatation is by far the most common. Moreover this result passes by: 
insensible gradations into the Ist by the disappearance of the dilatation 
and into the 3rd by the disappearance of the contraction. We may 
therefore regard the Ist and 3rd results as particular cases of the 2nd 
in which the dilatation and the contraction are respectively reduced to 
zero, and on this supposition we can calculate the average amount of 
contraction and of dilatation for all the observations of a given rate 
and intensity of stimulation. The result of this calculation is shown in 
Table IL, in which the observations are arranged in smaller and more 


‘numerous groups than in Table I. in order to better exhibit the effect 


of the varying rate of stimulation as indicated in the first column of the 
table. The remainder of the table is divided into three main columns, 


Taste II. 
Tse ot Weak Stimulation. Medium Stimulation. Strong Stimulation. 
Stimula- I=10—19. I= 100—250. I=—300—800. 
tion. 
Shocks in Average Average Average 


1” No. of | Contr, | Dilat. | Of | Contr. } Dilat. | of | Contr. | Dilat. 
Obs. mm, “mm, Obs. mm. mm. 


yo—l | 45 12 | 62 | 146 19 | 45 85 26 | 3:2 


2—4 63 | 36 | 56 72 44 | 5-4 57 76 | 6:4 

5—8 20 | 45 | 45 49 63 | 3-2 75 8:7 | 40 
10—16 | 49 | 103 | 2-4 | 104 78 | 28 34 11:4 | 2°7 
30—64 | 62 | 143 | 2:1 40 |176 | 31 8 | 146 | 1-4 


showing, as in Table I., the effect of weak medium and strong irritations. 
Each main column is divided into three smaller columns, of which the 
first shows the total number of observations with each rate and 
intensity of stimulation, and the second and third the average amount 
of contraction and dilatation of the leg calculated in the manner just 
described. A glance at this table or at fig. 12a (where the phenomena 
are represented graphically, the figures of Table II. being used for the 


1 Cf. F. W. Ellis. ‘“Plethysmographic Experiments, &c.” This Journal, Vol. vt. 
p. 452. 
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construction of a series of artificial or typical curves) will show clearly 
how with an increasing rate of stimulation the contraction becomes 
more and the dilatation less prominent in the result (cf. Prop. IV.), and 
also how with a slow rate of stimulation (1/10 —1 in 1”) an increasing 
Fia. 12a. 
I=10-19. I=100-250. I=300-800. 
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R=5-8. 


R=10-16. 


R=30-64. 


i 


+ 


il 
Ti 


intensity causes an increased contraction and a diminished dilatation of 
the leg (cf. Prop. V.). With moderate rates of stimulation an increased 
intensity causes an increased contraction without a correspondingly 
diminished dilatation, and with rapid rates (10—64 in 1”) an increased 
intensity causes no well marked change in the character of the curve. 

The effects of variation in the rate of stimulation are further 
illustrated by the tracings shown in figs. 13—18. 

In fig. 13 is shown the effect of two successive stimulations of the 
same nerve lasting 15”, each with an intensity of 100. In the first the 
shocks were produced by the vibrating spring of the induction 
apparatus, and the result was a decided contraction of the leg. In the 
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second the shocks followed each other at the rate of 4 in 1”, and the 
result was a marked dilatation. In figs. 14 to 17 are shown the results 


Fie. 13. 


R=4. R=tetanus. 


of successive stimulations of constant duration and intensity (I[=70, 
D=15”") but with rates varying from 1 to 64 in 1”. An examination of 
these curves shows that with an increasing rapidity of stimulation the 
constricting power of the nerves acquires the preponderance over the 
dilating influence, until at last with 64 shocks in 1” (fig. 17) a simple 
constriction results. The tracings given in figs. 10—17 further show 
that the dilating influence of the nerves is exerted much more slowly 
than the constricting effect. es 
Fie. 14. Fia. 15. 


R=1. 
Fia. 16. 


R=16. 
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This difference appears, in the first place, in the duration of the 
latent period, which, by careful measurement in experiments made for 
this purpose with a rapidly revolving cylinder, was found to have an 
average value of 1°5” in the curves of constriction and of 3°5” in those of 
dilatation. Moreover the maximum of constriction is reached much 
more promptly than the maximum of dilatation, even in those cases in 
which no preliminary constriction occurs. Furthermore the duration of 
the constriction is slightly, if at all, in excess of that of the stimulation, 
while the dilatation often lasts several minutes after the stimulus has 

It thus appears that stimulation of the sciatic nerve of a curarized 
animal produces two antagonistic effects upon the blood-vessels of the 
leg. The first of these effects, viz. constriction, is especially marked 
when the rate of stimulation is rapid, while a slow rate favours the 
production of a dilatation. Owing, however, to the above-mentioned 
difference in the rate of development of the constricting and dilating 
effects, these two antagonistic influences never completely neutralize 
each other but produce their results in succession.. Thus it happens 
that with a moderate rate of stimulation the most common effect is a 
prompt constriction followed by a slow dilatation’. 

The antagonism between the dilating and constricting effects thus 
demonstrated confirms in an interesting way the results obtained by 
von Frey* in his experiments on the flow of blood through the 
submaxillary gland as influenced by the simultaneous stimulation of 
the cervical sympathetic and the chorda tympani. The resemblance 
_ between such curves as fig. 11 in this article and fig. 5 in von Frey’s 
“paper may be noted in this connection. 

The rate of stimulation at which the constrictor and dilator effects 
are equal varies within very wide limits in different animals. In fact 
cases were occasionally met with in which nothing but a dilatation 
could be produced, even with the most rapid stimulation, and other cases 
were observed in which even with the slowest rates of stimulation the 
result was a simple contraction or a contraction followed by a very 
slight dilatation. The rate in question varies also in the same animal 
at different times owing, probably, in great measure to the fact, already 
mentioned, that the dilator fibres are more readily exhausted than the 


1 In this connection it is interesting to notice that Kronecker and Nicolaides 
(Archiv fiir Phys., 1883, p. 27) in stimulating the vaso-motor centre in the medulla with 
induction shocks following each other with varying degrees of rapidity, found invariably a 
rise and never a fall of blood tension as a result of this mode of experimenting. 

2 Arbeiten a. d. phys, Anstalt zu Leipzig, 1876, p. 89. 
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. | 8 constrictors. It varies moreover with the strength of the 
. ue ~ stimulation being slower with strong than with weak stimu- 
| SS | lations. Thus it will be seen, in Table II., that for weak 
stimulations the rate at which the average contractions 
and dilatations are equal in amount is 5—$ in 1”. With 
medium and with strong stimulations the rate becomes 
successively slower. It will be observed that this state- 
ment is in harmony with Proposition V., viz. that with 
a slow rate of stimulation a feeble irritation acts relatively 
more on the vaso-dilators, and a strong irritation on the 
vaso-constrictor nerves. 

The antagonism of the constricting and dilating in- 
fluences sometimes expresses itself in a more complicated 
manner than that above described. Several instances have 
been met with in which a brief dilatation occurred during 
i the course of the constriction, and this dilatation was found 
* to be affected by variations in the rate of stimulation in 

the same manner as the more prolonged dilatation above 

described. Fig. 18 illustrates a case of this sort showing 

the effect of a series of stimulations of constant intensity 

and duration (I= 400, D = 24’) but with a rate varying 

from 15 to 24 in 1”. It will be observed that with the 
.g diminishing rate of stimulation the brief dilatation alluded 
= to becomes relatively (and in most cases absolutely) a 
more and more marked phenomenon. 

The increased constrictor effect (described in Proposi- 
tion V.) resulting from an increased intensity with a con-" 
stant slow rate of stimulation is illustrated in fig. 19, 
which shows the effect of three successive stimulations 
of constant duration and rate (D=20", R=1) but with 
intensities of 100, 150 and 200 respectively. 


R=10. 


Fic. 18. Reduced one half from the original. 


R=2}. 
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Duration of the Stimulation. 

In the experiments thus far described the stimulation was kept up 
long enough to produce the characteristic effect and usually lasted from 
6” to 20”. A certain number of experiments were, however, made with 
longer and with shorter periods in order to determine the effect of 

variations in the duration of the stimulation upon the vaso-motor 
_ phenomena. In general it may be said that the intensity and not the 
character of the phenomenon varies with the duration of the stimulation. 
In other words contractions and dilatations both become more pronounced 
_ the longer (within certain limits) the stimulation is maintained. The 
question: what are the limits within which this statement is true? is 
one which the experimental method here employed did not enable us to 
answer with precision, and its investigation is therefore postponed until 
some future occasion, when, with a different form of recording apparatus, 
more accurate results may be looked for. The following table shows the 
result of a few observations all made on the same animal with a weak 
tetanus of the nerve lasting from 1’ to 6”. 


III. 
_ Tetanic stimulation I = 10. 


Duration of stimulation. 1” 2” 4” 6” 


Number of observations 2 5 2 4 
Average contraction =| 80 | 8&3 
1-4 


6°4 
Average dilatation 0 08 | 00 t 


It will be noticed that the constriction increases at first rapidly and 
then more slowly with the duration of the stimulation. 

In this connection it may be mentioned that in one experiment a 
tetanic stimulation was applied for fifteen minutes to the sciatic nerve. 
The result was a constriction steadily maintained during the continuance 
of the irritation and a return to the normal state on its cessaticn. 

The vaso-constrictor fibres seem, therefore, not to be very easily 
fatigued. 


Temperature of the Limb. 


In the above experiments the glass vessel enclosing the leg of the 
animal was at the beginning of the experiment filled with water at the 
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iaiiaiai of about 36° or 38°C, The vessel was generally surrounded 
with cotton wool to prevent loss of heat. During the course of the 
experiment, which often lasted several hours, the temperature sank at — 
first rapidly then more slowly, so that most of the observations were 
made at a temperature between 25° and 30°C. Occasionally when the 
temperature had fallen lower than usual it was raised by the introduction 
of an additional amount of warm water. These changes of temperature 
seemed to have no particular effect upon the vaso-motor phenomena; but, 
in view of the results reached by Lépine and Bernstein in their above 
mentioned observations on the effect of heating and cooling the limb, it 
seemed desirable to undertake more systematic experiments in this 
direction. For this purpose a copper jacket for the reception of hot and 
cold water was fitted outside the glass vessel containing one of the legs 
so that the temperature of the water surrounding the leg could be 
changed without changing the water itself. It was thus possible to 
compare the effect of stimulating the nerve of a leg at normal tempera- 
ture with that caused when the leg was artificially cooled or heated. 
Our experiments with this apparatus have unfortunately not been 
sufficiently numerous to justify any conclusions as to the effects of 
temperature on the vaso-motor phenomena. It may be said, however, 
that these effects do not seem to be so marked as the experiments of 
Bernstein and Lépine had led us to expect, but the subject can be 
profitably discussed only after a stale number of observations have been 
made. 7 


Degeneration of Nerves. 


The effect of the varying length of time between the section of the. 
nerve and its stimulation was studied experimentally upon 25 cats, about 
337 observations having been made at intervals varying from one to 
five days after the section of the nerve’. Since observations upon any 
one animal could be made only upon one day a comparison of averages 
affords the only means of judging of the effect of the gradual degenera- 
tion of the nerve upon the vaso-motor phenomena caused by its 
stimulation. A comparison of this sort is given in Table IV. which shows 

the average amount of contraction and dilatation which is caused by a 
weak tetanic stimulation applied to a nerve at intervals sie fu from 0 
to 4 days after its division. 


1 After a longer interval than 5 days stimulation of the nerve caused no vaso-motor 
p henomena. 
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IV. 
Weak tetanic stimulation. 


' Nerve divided. Oday | lday | 2 days | 3 days | 4 days 


Number of observations | 67 | 27 15 14 8 
Average contraction 70.3 29 0 


It will be observed that with the increasing interval between the 
section and the stimulation the contraction steadily diminished in extent, 
disappearing entirely on the fourth day. The dilatation on the other 


Fie. 19a. 


: Days after nerve section. 
0 1 2 3 4 
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hand increased to a maximum on the second day and then slowly 
diminished, This phenomenon is well shown in fig. 19 a, where a typical 
curve for each day of degeneration has been constructed from the figures 
of Table III. : 
By placing both legs of an animal in connection with a recording 
apparatus it was, of course, possible to compare the results of stimulating 
a freshly divided and a degenerated nerve on the same animal. The result 
of such an experiment is shown in figs. 20 and 21, where the stimulation 
(I =200, R=15, D= 20") of a freshly divided nerve is.seen to produce a 


Fie. 20. Fie. 21, 


Nerve freshly divided. Nerve 4 days degenerated. 
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contraction, while the same stimulation applied to the opposite nerve cut 
four days previously causes a marked dilatation. 
Since experiments made in this way are more conclusive than those 
in which the fresh and degenerated nerves are studied on different animals, 
_ the following table is given, showing the effect produced by stimulations 
of medium strength and slow or moderate rate applied to nerves which 
had been divided three and four days previously, a comparison being 
made between the degenerated nerves and the fresh nerves in ‘the same 
set of experiments. 


TaBLe V. 
Stimulation of medium strength. 


Rate. Nerve divided. 0 days | 3 days | 0 days | 4 days 


1 4 | Number of observations | 26 | 19 | 10 | 9 


oy Average contraction 27 | 13 § 45 | 00 

5—16 Number of observations | 32 32 19 19 
1” Average contraction 8°8 3°6 6:3 0:0 
- Average dilatation 22 | 53 | 13 | 68 


The figures of this table have been used for the construction of the 
curves in fig. 21a, which show very clearly the change in the character 
of the vaso-motor phenomena produced by the — of the 
nerve. 

Fie. 21a. 
Days after nerve section, 
0 3 0 4 


R=5—16. 


L 


It thus appears that, as a nerve degenerates after section it loses its 
constricting earlier than its dilating power, or in other words the vaso- 
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constrictor fibres degenerate more rapidly than the vaso-dilators. The 
former appear to lose their power completely about the fourth or fifth 
day and the latter the 6th or 7th day after section. 

In many of the experiments in which a freshly divided nerve was 
compared with a degenerated nerve the power of the latter to cause 
muscular contractions of the limb was tested by stimulations applied 
before the animal was curarized. These observations made it evident — 
that the motor nerve fibres began to show signs of degeneration in one 
instance as early as the second day after section, and the loss of power 
was nearly always pretty complete on the fourth day. In one or two 
instances an increased irritability - the nerve was noticed two days 
after section. 

Our observations on this sadhana are not numerous enough to justify 
a positive conclusion, but they suggest the probability that after nerve 
section the degeneration of the motor nerve fibres follows a similar 
course to that of the vaso-constrictors, while that of the vaso-dilators is 
much slower than either. 

_ We are indebted to Dr F. W. Ellis for an examination and report 
upon the histological changes in the degenerated nerves of the animals 
used in these experiments. From this report, which is published as an 
appendix to this article, it appears that the microscopic changes 
indicative of degeneration generally make their appearance about the 
third day after section. In one instance (that of March 19th, 1885) the 
nerve, which had been cut two days previously, presented a normal 
appearance under the microscope though the vaso-motor phenomena 
caused by its stimulation gave evidence of — change. 


Extent of vascular Pam 


At this point in the research it is of interest to enquire to what 
extent the blood supply of the limb can be affected by the vascular con- 
tractions and dilatations which have been described. - _ 

To obtain data for an approximate solution of this question two cats 
were selected of about the size ordinarily used in the experiments. The 
volume of the legs was then determined by immersing them in water as 
far as the point where the rubber collar of the leg holder came in contact 
with the skin and noting the amount of water thus displaced. The 
volumes thus ascertained were 68 and 73 c,c., the weight of the cats 
being 1961 and 2762 grams respectively. Adopting Ranke’s estimate 
that the locomotive organs contain 2°/, of their weight of blood, it 
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appears that the legs of the cats experimented on must have contained 
on an average about 1:4 c.c. of blood. Now since one m.m. of vertical 
movement of the pen corresponds to a change in the volume of the leg of | 


0°01 c.c. it is evident that a rise or fall of 14 m.m. in the curve (corre- 


sponding to 0°14 c.c. change of volume) will indicate that the total 
amount of blood in the leg has been increased or diminished by 10°/, 
of its volume. The figures in table II. show that this is about the 
extent of the contraction which occurs when a rapid stimulation is 
applied to the freshly divided sciatic nerve. In individual cases much 
more extensive changes of volume were noted. The most marked 
contraction recorded was 0°68 c.c. produced by a stimulation of 32 in 1” 
with an intensity of 50, and the most decided dilatation was 0°28 c.c., 
caused by a stimulation of 1 shock in 1” with an intensity of 200. 
Here the irritation of the nerve caused in the 1st instance a diminution 
of 48°/, and in the 2nd instance an increase of 20°/, in the amount of 
blood in the leg. : 

It is thus evident that the sciatic nerve contains fibres which 
exert a very marked influence on the size of the blood-vessels of the 
limb. Whether these changes occur chiefly in the cutaneous or in 
the muscular blood-vessels is a question which our experiments afford 
no data for deciding, though, from the correspondence between our 
results and those of Ostroumoff and of Kendall and Luchsinger 
obtained by the thermometric method as above described, it seems 
probable that the vessels of the skin are those chiefly concerned. 

In discussing vaso-motor phenomena we have used as a matter of 
convenience the terms “vaso-constrictors” and “vaso-dilators,” and we 
do not wish to be understood as expressing any opinion upon the 
question of the independent anatomical existence of fibres having these 
functions. The phenomena which we have observed may be quite 
as well explained on the hypothesis that there is one set of fibres 
acting in different ways under different circumstances, The fact, 
however, that there are certain nerves (e.g. the cervical sympathetic) 
which always constrict and others (eg. the nervi erigentes) which 
always dilate the vessels to which they are distributed seems, at 
present, an argument in favour of the independent existence of two 
sorts of vaso-motor nerves. It may be mentioned in this connection 
that we have tried in vain by varying the rate of stimulation applied 
to the cervical sympathetic of the cat to produce any effect upon the 
pupil except the familiar phenomenon of dilatation. 

In conclusion an allusion must be made to the most recent 
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contribution to the literature of this subject, viz. the article of 
Humilewski’. This observer experimented on dogs, using the blood 
tension in the femoral artery (which was connected with the manometer — 
‘by a T-shaped cannula) as a measure of the varying size of the blood- 
vessels in the limb. It was found that tetanic stimulation of the 
peripheric end of the cut sciatic nerve on uncurarized dogs caused 
great variations in the blood tension in the artery together with — 
violent contractions of the muscles of the limbs. After poisoning 
with curare neither muscular contractions nor changes of blood tension 
occurred on stimulating the nerve. The author therefore concludes 
that the vascular phenomena are secondary effects due to the 
muscular — and that there are no vaso-motor fibres in the 
sciatic nerve’. 

In view of the very positive results of our own experiments we 
seem to be justified in concluding that the method employed by 
Humilewski is not adapted to detect the variations in the blood 
supply of a limb caused by vaso-motor activity, though it does reveal 
the sudden changes in the circulation which are associated with a 
tetanic contraction of the muscles. 


APPENDIX. 


Histological Examination of the Degenerated Nerves of the 
Animals used in the above Experiments. By F. W. ELLIS, 
M.D. 


A PORTION of the peripheral end of the cut sciatic was removed 
immediately after the conclusion of the vaso-motor experiments with 
the animal. Macroscopically the peripheral end of the cut nerve 
differed from that of the central portion; the separated portion of nerve 
was larger and of firmer consistence, and had a cloudy and more opaque 
appearance. This change in the gross appearance of the nerve was the 
more marked the longer the time that had elapsed between the cutting 
of the nerve and the killing of the animal. 

Immediately after the removal of the nerve a small piece was teased 
. in a 5Y solution of sodium chloride and examined under the microscope. 


1 Archiv fiir Phys. 1886, 126. 


* “Folglich kann von der Gegenwart von Vasomotoren in den Stimmen des Ischiaticus 
und des Cruralnerven nicht die Rede sein.” 
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A preparation from the central end of the cut nerve was examined — 
at the same time; and the appearance of its fibres was compared with 
that of the degenerated fibres from the peripheral end. The degene- 
rative changes were very clearly shown in these fresh preparations. 
The appearances of the degenerated fibres corresponded very closely to 
the descriptions and plates of Colosanti’. Colosanti’s observations 
were made upon the cut nerves of guinea-pigs. 

The degenerative changes were not very apparent upon the second 
day. The left sciatic of the cat experimented upon March 19th, 1885, 
had been cut two days. Microscopically no difference in the appearance 
of the fibres of the peripheral and the central ends could be detected. 
To the naked-eye the peripheral portion was perhaps a little larger and 
firmer. 

The degenerative changes in the fibres were clearly manifested upon 
the third day after section. The left nerve of the cat of March 
12th, 1885, had been cut three days. Many of the fibres in the teased 
preparation from the peripheral portion were altered. The medullary 
segments of the fibre were transformed into rings, transverse segments 
and drops within the sheath of Schwann. Some of the fibres appeared 
to be about normal. 

Upon the fourth day the degeneration was still more advanced. The 
left nerve of the cat of March 5th, had been cut four days; the right 
nerve was cut upon the day of the experiment. The fibres of the freshly 
cut nerve were of normal appearance. The greater number of the fibres 
of the other nerve were altered. Their medullary segments had 
separated to form rings and drops. 

In one instance (I have not the date) the nerve, which had been 
cut 9 or 10 days, was completely degenerated below the point of 
section. The divided nerve was found to have united. I removed the 
nerve at the point of union, and after hardening in Miiller’s fluid and 
imbedding in celloidin I made sections through this point. The divided 
nerve fibres were separated by connective tissue and a mass of blood- 
corpuscles occupying the centre of the section. The mass of blood- 


corpuscles was permeated by trabeculae of newly-formed connective 


tissue, in some places containing leucocytes. The contrast in the 
appearance of the fibres above the section and that of the degenerated 
fibres below the section was clearly marked. 

After examining the nerves in a fresh condition they were hardened 


1 Arch. f. Phys., 1878, p. 206. 
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partly in Miiller’s fluid and partly in osmic acid, and sections were 
made of many of the hardened preparations. The osmic acid preserves 
the normal appearance of the fibres much better than the Miiller’s 
- fluid, but it renders the nerve more brittle, consequently the pieces 
hardened in Miiller’s fluid are better adapted for thin sections. The 
effects of the degeneration were seen in the sections. 

The typical degenerative changes are best seen in the fresh pre- 
paration examined in the saline solution. The relative numbers of 
degenerated and normal fibres are also best seen in these preparations. 
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THE ELECTRICAL CHANGES IN THE QUIESCENT 
CARDIAC MUSCLE WHICH ACCOMPANY STIMU- 
LATION OF THE VAGUS aE as By W. H. GAS- 
KELL, F.RS. 


(Preliminary communication.) 


In my last paper’ dealing with the structure, distribution and function 
of the nerves which innervate the vascular and visceral systems, I came 
to the conclusion that all tissues are innervated by two separate nerves 
of opposite characteristics, the one bringing about in the tissue a con- 
structive and the other a destructive metabolism—nerves therefore 
which might be called anabolic and katabolic respectively. ; 

Further, I gave reasons why I looked upon inhibition as the symptom 
of the action of an anabolic nerve in the same way as contraction was 
the symptom of the action of a katabolic nerve. 

Strong evidence in favour of this explanation of the action of an 
inhibitory nerve would be afforded if it could be proved that stimulation 
of an inhibitory nerve brings about an electrical change in a tissue of an 
opposite sign to that which occurs when the motor nerve of the same 
tissue is stimulated. 

Such proof I am now able to give in the case of the most well-known 
inhibitory nerve, viz. the cardiac vagus. 

In order to compare the electrical changes which take place in a 
muscle when its inhibitory nerve is stimulated with those which are 
known to accompany the action of a motor nerve, it is essential in both 
cases to start with the muscle in the same condition of quiescence 
previously to the stimulation: in other words, to find a preparation such 
that the inhibitory nerve can be stimulated with the muscle at rest. 

Such a preparation can be obtained from the heart of the tortoise by 
cutting away the sinus and part of the auricles without cutting through 
the coronary nerve. After this section, as pointed out in a previous 
paper’, the portion of the auricle in connection with the ventricle 


1 This Journal, Vol. vu. p. 1. ? This Journal, Vol. rv. p. 43. 
PH, VII. 32 
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remains quiescent for a considerable length of time and is at the same 
time clearly capable of being influenced by the vagus through the 
medium of the coronary nerve, because, as soon as it commences to beat, 


those contractions can be diminished in size by stimulation of the vagus — 


in the neck’, 


Seeing then that the nerve can be shown by the rants method to — 


inhibit the activity of this auricular strip when contracting, it seems 
probable that any electrical changes which accompany inhibition must 
manifest themselves when the nerve is stimulated during the period of 
quiescence. Such I have found to be the case: 

Stimulation of the vagus in the neck when the strip of 
auricle is quiescent and in connection with the rest of the 
animal by means of the coronary nerve alone causes in any 
uninjured portion of the muscular strip a decided increase 
of positivity, just as a contraction is accompanied by a 
decided increase of negativity. 

The cardiac muscle therefore under the influence of an inhibitory 
nerve becomes positive to the quiescent muscle just as the contracted 
muscle becomes negative to the uncontracted. 

Further, a small amount of atropin applied to the auricular strip of 
muscle or even to the sinus without touching the muscle of the auricle 
entirely removes this positive variation due to vagus action in the same 
way as I have proved that it removes the inhibitory action of the nerve 
upon the strength of the contractions of the auricular strip. 

These experiments, the full account of which will shortly appear, are 
a strong confirmation of the truth of that explanation of inhibition 
which I have advocated for the past five jess 


1 Op. cit., p. 92, Fig. 7, Pl. 11, 
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NOTES ON THE URINE OF THE TORTOISE WITH 
SPECIAL REFERENCE TO URIC ACID AND UREA. 
By T. WESLEY MILLS, M.A., M.D., Lecturer on Physiology, 
McGill University, Montreal, Canada. 


So little is known about the urine of the cold-blooded animals that, 


these totes, it occurred to me, might prove an acceptable contribution 


to the subject, though they do not exhaust the matters treated. It 


. has long been known that the urine of serpents abounds in uric 


acid, so much so that Salkowski' recommends the so-called “excre- 


menta” of serpents for the preparation of a pure colourless uric acid. 


Hoppe-Seyler’® calls attention to a remarkable contrast in the 
colour of the uric acid of serpents and of mammals. In serpents 
as in birds and insects it is colourless, while in mammals including 
man it is of a red, yellow or reddish-brown colour. 

I have collected the urine in a large number of cases of the 
Slider Terrapin (Pseudemys rugosa), while pursuing extended investi- 
gations on the heart of this animal. So far as is known to me, no 
actual determinations have been made of the amount of uric acid 
excreted by the Reptilia, nor has anything been written upon the 
urine of the Chelonia. 

Before giving the results of my own determinations it may be 
well to call attention to the peculiar relations of the kidneys, bladder, — 
&c. in this division of animals, The kidneys to the naked eye resemble 
a tightly-coiled bundle of tubes; while the ureter from each does 
not open into the bladder but into the cloaca. 

The bladder itself consists of a central and two lateral com- 
partments, communicating with each other and with the cloaca by 
the central division. I have found the quantity of fluid in any or 
all of these very variable; as much as 125¢.c. has however been 
removed in some cases. Such a quantity greatly distends the vesical 
system. 


1 Die Lehre vom Harn. 
* Physiologische Chemie. Berlin, 1881, _p. 814. 
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The colour of the contents of the bladders is also very variable, 
but it ranges from colourless to a light amber hue. 

In three cases it was of a rich green colour, owing, as was proved 
by Gmelin’s test, to bile pigment, and probably in these cases to an 
actual commingling of the bile itself as it flowed into the cloaca 
from the intestine, for in one of the cases examined the intestine 
had in it at the time abundance of hile. 

It is a very remarkable fact that the contents of the bladders 
in all the cases examined specially with regard to this subject, some 
twelve in number, contained a substance coagulating on boiling, and 
not disappearing but increasing rather on the addition of a drop of 
acetic acid. This must have been albumin. The same observation 
had been made independently by Dr Howell of the Johns Hopkins 
University, where my experiments also were carried out. Thinking 
when this albumin was first found that it might be due to an 
abnormal condition induced by my prolonged experiments on the 
nerves &c. of the animals, I took care to examine cases on which no 
experiments had been made...The result was not different; albumin 
was invariably present. 

There are three ways conceivable in which this substance might 
find its way into the contents of the vesical system. It might pass 
from the perivisceral fluid, very abundant in this tortoise and rich 
in albumin, by osmosis. Such in the normal animal is very improbable. 
It is also unlikely that it should be separated by the kidney. Though 
not proved by experiment, I am strongly inclined to think it passes 
from the intestine into the cloaca and thence into the bladder. | 

The specific gravity of the fluid in the only case in which it was 
taken was 1008. In that case the urine was abundant. The reaction 
in all cases was either faintly or decidedly acid. The odour is very 
faint. 

Upon allowing the urine to stand from 24—48 hours in all, cases 
(albumin being removed) there is a decided deposit of oryealiing uric 
acid, 

On many occasions on removing the urine from the bladder by 
puncture of its walls, the opening was blocked up by a stringy mass of _ 
a more or less whitish colour, which was occasionally bile-stained. 
Microscopic examination of this mass showed it to consist of beautiful 
colourless crystals of uric acid. But adhering to this larger white mass 
was a smaller quantity of the well-known orange coloured crystals 
of the same substance. Now while the crystals of the main mass 
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of uric acid found in the bladder (or cloaca) were colourless and of 
a great variety of shapes, those adhering to the white mass, those 
- spontaneously depositing on allowing the urine to stand, and those 
precipitated from it by the addition of hydrochloric acid were all 
coloured and of the same form. 

In order to furnish some definite information as a basis of com- 
parison on the subject of the relative quantities of uric acid in 
the urine of the Reptilia and of man and certain other animals 
for which quantitative estimations have been made, I have made two 
determinations of the amount of uric acid present in the urine of the 
Slider Terrapin ; in one case without the addition of the white mass 
_ referred to, and in another instance with this amount added to what was 
obtained from the liquid contents of the bladders. | 

Naturally two determinations allow of an approximate judgment 
only, but they marked the limits of my opportunities. 

I have shown conclusively’, that for the urine of man the hydro- 
chloric acid method of Heintz is not reliable, and that Salkowski’s 
silver method is accurate though troublesome. I found in this case, as 
so often happens, that a method suitable in every respect for one kind 
of urine does not answer for that of another animal. Doubtless by 
modification it could be made applicable. I had to fall back on the 
hydrochloric acid method, so that my results may be considered as 
probably somewhat too low. However it will be noted that instead of 
48 hours as recommended by Heintz, several days were allowed to 
elapse after the addition of the acid before the precipitate was collected, 
so that the error was in this case probably minimal. 

The following will indicate the procedure and the results : 

To 31 cc. urine, freed from albumin by boiling, adding acetic acid, 
allowing to settle and filtering, 2 c.c. hydrochloric acid were added: after 
the lapse of two weeks the uric acid was collected on a prepared filter, 
washed, dried at 110°—115°C. for three hours and. after cooling in — 
a desiccator, weighed. 

I. Weight of weighing glass, filter and uric acid 6-9675 grams. 

Weight of weighing glass and filter 69555 i, 
,, 

It follows then that ‘0120 gram popcorn the quantity of uric acid 

held in solution in 31 ¢.c. of urine. 


II. 100c.c. urine with the:solid uric acid ‘added were treated with 


- 1 Philadelphia Medical News, June 27, 1885. 
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10c.c. strong hydrochloric acid, allowed to stand several days, and the 
uric acid then collected, dried and weighed as above. 

Weight of weighing glass, filter-paper and uric acid 81540 grams. 

Weight of weighing glass and filter 78705 

Weight of total uric arid 02835 __s,, 

The quantity of uric acid secreted by man in 24 hours varies from 
‘500 to 1:00 gram, i.e. for 1500 to 1700 c.c. urine. 

According to this proportion the first case above calculated would give 
from ‘5 to ‘6 grams. But in the second case there would be 3 to 4 grams, 

Considering that it is likely that some of the solid uric acid passes 
off with other contents of the cloaca, these estimations suffice to show 
that the per-centage of uric acid of the tortoise is at least several times 
greater than that of man; in fact the amount remaining in solution in 
the urine in the bladder is about equal to that usually secreted by man. 
I am however not in a position to state anything in regard to the rate 
of the secretion of the urine, uric acid &c. 

N. Zalesky’ found that on ligature of the ureters in birds after a 
few days, and following the same operation in snakes after a longer 
period, abundance of uric acid appeared in the tissues, while the 
operation seems to have caused the death of the birds at all events. I 
have in one case only tied the ureters in the tortoise. On the following 
morning the heart was quite dead, and the usual reflexes (the spinal 
cord was intact) almost wholly absent. These results seemed fairly 
traceable to the operation, for nothing resembling them had been seen 
during all my experiments on thirty-four animals; it was in fact not — 
uncommon to find the reflexes good and the heart beating on the third 
day after the experiments were begun. 

Urea. It is commonly stated in a general manner that urea is 
absent from the urine of the Reptilia, being replaced in them by uric 
acid. 

The subject has not been hitherto investigated for the Chelonians. 
I have put the matter to the test in two ways: 

(1) By the attempt to get nitrate of urea. 

At first about 15 .c. urine were evaporated to a few drops and strong 
nitric acid added in small quantity. Later 300 c.c. were similarly treated. 
In both cases the results were entirely negative. 

(2) By extraction with absolute alcohol, about 150c.c. urine. were 


1 “Untersuchungen iiber den uriimischen Process und die Function der Nieren.” 
Tiibingen, 1865, 
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evaporated to a syrup on a water bath, and when cold treated with 
absolute alcohol, the extract filtered and evaporated down to a syrup. 

After standing no crystals of urea could be found on microscopic 
examination. 


Urea seems to be wholly wanting in the urine of the 
tortoise. 

Inorganic constituents. A considerable quantity of urine was evapo- 
rated to dryness and then incinerated at a low temperature. The metals _ 
usually found in urine, sodium, magnesium and calcium, were present 


and readily detected by the ordinary tests; also phosphoric, — | 
and hydrochloric acids, 
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A NEW AND DELICATE METHOD FOR DETERMIN. 
ING THE LOCAL SENSORY ACTION OF DRUGS. 
By THOS. J. MAYS, MD., Philadelphia. 


Ir is generally believed to be comparatively easy to distinguish 
between the local sensory and motor action of drugs. It is not an easy 
matter, however, to make an accurate discrimination between two drugs 
when in other respects their action is quite analogous; and the methods 
hitherto in use of applying a solution of the drug to the skin of a frog, 
and testing the reflex irritability of the same, or of immersing one leg in 
the solution and comparing its reflex sensibility with the other by means 
of mechanical, thermal, or electric stimulation, do not always give very 
satisfactory results. Hence in the hope of adding something which may 
facilitate research in this new field of medicine we submit the following 
description of a method’ which has yielded such good results in our 
hands for more than a year, and which we believe to be both simple 
and reliable. Five or six drops of a one or two per cent. solution of the 
drug to be tested is slowly dropped, either from a dropper, or from a 
hypodermatic syringe into one nostril of a good sized frog at intervals of 
from three to five minutes, and the nasal reflex is tested by introducing 
the end of a very light wire (such as is used to keep a hypodermatic 
needle pervious) into the nostril under the influence of the drug, as well 
as into its fellow on the opposite side and the effects compared. The 
nasal reflex is extremely sensitive and shews the slightest interference 
with its integrity. As soon as the wire comes in contact with the inner 
surface of the nostril in its normal state the frog will wink and wince 
and make efforts to brush the offending body away with the front foot ; 
while after the instillation of ten or fifteen drops of a drug-solution 
which has the power of obtunding sensibility, the frog will not only 
allow the wire to remain in the nostril, but will endure considerable — 
boring with it before he evinces the slightest pain. After the nostril is 


1 Used by us in differentiating the action of theine from that of caffeine. 
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fully under the influence of the drug reflex sensibility is annihilated on 
that side, while sensation of the opposite nostril remains entirely intact. 
Among the agents which have been tested by this method, and from 
which hitherto unsuspected anaesthetic properties were brought out by 
it, are Brucine, Theine, Guaranine and Hydrastine. The details of one 
typical experiment for each individual alkaloid will be found below. 


Brucine. 

Experiment to test the local action of a two per cent. solution of brucine 
on reflex irritability of frog’s nostril. Frog medium size, and 7 reflex 
alike on both sides, 

P.M. 

9.00. Two drops in left nostril. 

9.05. Left somewhat benumbed. Right same as before. 

9.10. Two drops more in left nostril. 

9.14. More decided loss of sensibility in left. No loss in right. 

9.19. Loss of sensation marked in left. 

9.24. Winks only when left is bored roughly. Right, same as = 

beginning. 

9.26. Two drops more in left: nostril. 

9.30. Almost complete loss of sensation in left. Right very sensitive. 

9.36. Same difference in sensation of the two nostrils. © 

9.37. Jumps when body is touched with wire. — 

9.38. Sits quiet and allows boring of left nostril, but shrinks at once 

. when right nostril is touched with wire. 

9.41. Inclines to droop his head. 

9.44, A sharp noise arouses him. 

9.46, Two drops more in left nostril. 

9.51. No response at all on boring left nostril. Left eyelids also im- 

paired in sensibility. Right nostril and eyelids very sensitive. 

10.00. Paralyzed in both posterior extremities. Left more so than right. 

10.05. Left nasal reflex wholly gone. Right in good condition. 

10.11. Drags posterior extremities, Right nostril very sensitive. 

10.14. Lies flat on abdomen. Sensibility seems to be enhanced in every 
portion .of the body’s surface except in left nostril, which is 
entirely devoid of feeling. While there is evidently a hyper- 
aesthesia on account of the constitutional effects of brucine, 
there is not the least sign of spasm or convulsion, but on the 
contrary the whole body is in a relaxed condition. 

10.25. Left nasal reflex entirely gone, and that of left eyelid very much 
impaired, Right nostril as sensitive as at previous observation. 

PH. VII. | 33 
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Guaranine. 


Experiment to test the local action of a one per cent. solution of guaranine 


on reflex irritability of frog’s nostril, Frog medium size, and both nostrils 
equally sensitive. 


P.M. 
2.00. 


2.08. 
2.18. 


2.35. 
2.41. 
2.43. 


2.25, 


3.10. 


Seven drops in left nostril. 

Sensibility probably impaired in left nostril. 

Seven drops more in left nostril. 

Left evidently impaired. Right same as before. 

Left nasal reflex entirely abolished. Right same as before. 
No constitutional influence of drug. 


- Left nasal reflex still impaired. 


Both nasal reflexes alike. 


Hydrastine. 


Experiment to test the local action of a two per cent. solution of hydra- 


stine on nasal reflex of frog. Frog large, and both nostrils are sod 
sensitive to touch of wire. 


Introduced seven drops in left nostril. 
Left nasal reflex slightly impaired. 


” 
Introduced eight drops more in left nostril. : 
Left nasal reflex more impaired. Right intact. 5 
Introduced ten drops more in left nostril. 7 
Sensibility in left very much diminished. Good in right. - 
Allows tolerably hard boring of left nostril without shrinking. 
Introduced ten drops more in left nostril. 
More restless and inclined to drag posterior extremities. 
Left nostril almost entirely insensible. 
Remains on back until touched. 
Left eyeball also less sensitive than right. : 
Left nostril and eye almost completely ne while ~~ is 


good. 
Theine. 


Experiment to test the local action of a two per cent. solution of theine 
on nasal reflex of frog. Both nasal reflexes equally good. 


P.M. 
8.45. 


8.54, Five drops more into left nostril. 


Five drops into left nostril. 


_ 

P.M. 
9.08. 
9.20. 
9,22. 
9.26. 
9.33. 
9.37. 
9.43. 
9.50. 
9.55. 
10.02, 
10.10, 
10.13. | 
10.25. 
2 
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P.M. 
8.55. Left nasal reflexes slightly impaired. 
9.05. Five drops more into left nostril. 
9.08. Marked impairment of left nasal reflex. 
9.11. Marked impairment of left nasal reflex. Right is good. 
9.14. Left nasal reflex almost extinct. 
9.17. Left same. Right also slightly impaired. 
9.35. Endures hard boring with wire in left nostril without flinching. 
| Right reflex good but slightly impaired. 
9.50. Same as at last observation. 


10.20. No change since the last two observations. No constitutional 
disturbance. 


The uniform behaviour of all these agents when brought in contact 
with the nasal mucous membrane of the frog is quite remarkable, and it 
was only after subjecting them to the above described test that we were 
led to suspect that they contained anaesthetic properties, which have 
since been amply confirmed by further physiological and clinical investi- 
gations. 

Brucine, like strychnine, was believed to act exclusively on the motor 
nerves and centres, yet the nasal reflex test at once showed that this was 
a fallacy and really brought out a result entirely opposed to that which 
was believed to be true. The local anaesthetic property of hydrastine is 
also quite marked, but was unknown until developed by the nasal reflex 
method. So in the case of theine and guaranine, the local analgesic 
action of which, when introduced subcutaneously, is now definitely 
established by clinical experience, and this was also first brought out by 
the nasal reflex method. | 
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OF THE 


PHYSIOLOGICAL SOCIETY, 


1885. 


No. IV. 


Kine’s CoLLeGE, Lonpon. December 12. 


1. Tue electrical discharge of Malapterurus electricus. _ 

On this subject Mr GotcH communicated the results of some 
preliminary observations which had been made on a single specimen 
five and a half inches long recently brought to England from the 
river Senegal. The fish was kept alive in water at 18°C. and was fed: 
all experiments were made with the whole animal. 

The fish gave to the fingers a smart shock which became un- 
pleasantly severe when both the head and tail were touched, and then 
seemed comparable with the break shock of a du Bois-Reymond 
coil, with three Daniell cells in the primary circuit and with the 


‘secondary coil pushed quite up. A shock could also be obtained by 


placing the fingers in the water — the fish and then exciting 
the animal mechanically. 3 

When placed in water at 12°C. the fish soon became quiet and could 
without difficulty be experimented upon. It was ascertained that 
in a fish thus cooled the discharge could be produced either by 
mechanical or by electrical excitation of the surface. At every discharge 
two movements occurred, a backward lash of a feeler on each side, and 
a slight swaying of the tail; otherwise the fish remained immoveable. 
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Observations with the galvanometer and capillary electrometer shewed 
that the direction of the discharge was from head to tail, thus confirming © 
the observations of du Bois-Reymond. 

The fact that in this fish the discharge could be produced by 
electrical excitation of the skin, was made use of to determine as far as 
possible its time relations. The excitation used was a break induction — 
shock. This became an adequate stimulus when with one Daniell 
cell in the primary circuit, the secondary coil stood at 8 centimetres 
or less, The method for determining the time, which intervened 
between excitation and discharge, was that used by Helmholtz for 
investigating the time relations of “secondary twitch,” and since then 
in a modified form by Marey for determining the time relations of the 
isolated electrical organ of the torpedo. The method consisted in 
leading off the shock to the nerve of a rheoscopic frog preparation. 
Two sets of observations were necessarily made ; in the first of which, 
the period of latent excitation of the preparation was measured: whilst 
in the second the interval which elapsed between excitation of the fish 
and the muscular response of the preparation was similarly determined. 

It was thus ascertained that the discharge followed the electrical 
excitation at an extremely short interval (at most 53,”) when the 
exciting electrode was not more than 5 mm. from the leading off 
electrode; and further that this interval was very appreciably lengthened 
when the exciting electrode was distant (25 mm.) from the leading off 
electrode, being then as much as ;1,” or more. 

It would thus seem : 

(1) that the discharge on electrical excitation of the skin is not of 
a reflex character, but is the result of direct excitation of the electrical 
organ at the point excited ; 

(2) that the latency. of the organ icles these conditions is 
extremely short ; 

(3) that the excitatory state is propagated through the organ at a 
rate of about 24 metres per second. 

Experiments were also made in order to ascertain if it was in- 
different to the production of the discharge what part of the skin was 
electrically excited. It was found that excitation by a single break 
induction shock of the skin over the region of the electrical organ 
produced this single discharge; that similar excitation of the tail, 
of the feelers, and of the anterior part of the head, had no effect; but 
that on exciting with the single shock, the dorsal surface between the 
eyes (on the anterior edge of the organ) a long discharge took place, 
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which produced tetanus in the rheoscopic frog preparation. In this 
tetanus the individual contractions were always just recognizable and 


corresponded to a rate of electrical — of the fish of 10 to 11 
per second. 


7 2. “Onasegmental group of ganglion cells in the spinal cord of the 
alligator.” By W. H. M.D., F.R.S. 

The central grey matter of the spinal cord of the alligator is arranged 
in the same manner as in higher vertebrates, being divided into well- 
defined anterior and posterior horns with their characteristic cell groups. 
In addition to these central nerve cell groups, another distinct group of 
nerve cells exists, far removed from the central grey matter and situated - 
at the periphery of the cord. This cell group lies in the anterior 
half of the cord at the junction of the anterior and lateral white columns. 
It is composed of large ganglion cells, each with a distinct nucleus and 
nucleolus, imbedded in a grey neuroglia-like matrix; no special con- 
nection exists between its cells and those of the anterior horn; those 
septa which radiate from the central grey matter tothe periphery i in this 
region pass into this ganglionic mass; such septa do not carry with 
them a line of ganglion cells from the anterior horn to this peripheral 
cell group. This group exists throughout both the cervical and dorsal 
portions of the cord (as yet I have not examined the lumbar portions) ; 
in both regions it is situated in the same antero-lateral position. In 
both I have failed as yet to connect its cells with any definite nerve 
roots. In both regions it forms a discontinuous and not a continuous 
column of cells. A series of sections through and beyond the origin of the 
nerve roots of any cervical nerve shews that this cell group becomes 
smaller and smaller and more and more marginal as the place of exit of 
the nerve roots is approached so that at last in those sections in which 
the passage inwards of the nerve roots to the anterior and posterior 
horns can be most easily traced, this peripheral grey die has com- 
pletely disappeared. 

In other words, a group of ganglion cells exists in an antero- 
lateral position at the periphery of the spinal cord in the 
alligator which is metameric with the spinal nerves and is 
situated between the exits of the roots of those nerves. 

The author was inclined to look upon this isolated ganglion as a piece 
of the posterior root ganglion, principally on account of its segmental 
arrangement; the character of the nerve cells also seemed to approach more 
nearly to the round cells of the posterior ganglion than to the multipolar 
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cells of the central grey matter. If this should prove to be the case, it 
would be a matter of great interest for the solution of various 
physiological problems to be able to shew that the ganglion on the 
posterior root has definite relations to the antero-lateral tract of the 
spinal cord. 


3. Therapeutic mitigation of Anthraz. 

Dr THEODORE CasH said: The fact that considerable quantities 
of perchloride of mercury are retained in the organism for some days 
after the administration of the drug has.ceased, and that as a germicide 


it is still operative even in very great dilution, led me to the idea that —_- 


a modified form of certain diseases depending upon the presence and 
multiplication of pathogenic micro-organisms might be produced by 
administering a known quantity of the drug before inoculating with the 
special virus, At present I will speak only of its action in anthrax. 
The results obtained in this disease have been of a satisfactory character. 
In one animal (rabbit) weighing about 1800 grm. the total dose of 
‘015 grm. cor. sub. was administered hypodermically in divided and 
highly diluted doses in the course of seven days. On the eighth day 
inoculation with unmitigated anthrax virus was made. The control 
animal inoculated at the same time died within 44 hours, but the 
prepared rabbit suffered only a passing disorder from which it soon 
recovered. In four weeks and six weeks respectively the inoculation 
was repeated, the control animal in each case dying within 48 hours; 
but on neither occasion did the prepared rabbit shew any further 
symptom. It is safe to infer from this and other experiments having 
a like result that a modified attack of anthrax had occurred which 
rendered the animal (for this length of time at least) immune from the 
virus. Short of protecting effect, a smaller dose (roughly speaking 
‘005 grm. per kilo. body weight) causes a delay in the fatal issue bearing 
a relationship to the variations (within certain limits) of the dose. 
When delay results, the number of bacilli found in the blood after 
death is extremely small; but this virus-containing blood shews itself 
to be unmitigated and unmodified with regard to its action upon 
another animal. In the next report of the Medical Officer to the 
Local Government Board I shall give more exact details as to the 
relationship of the dose to body weight of animal as well as to the 
length of time to which administration should be extended; the interest 
of the fact so far as I have now stated it and its therapeutical importance 
seemed to make this notice desirable. 
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4. Dr J. W. Barrer exhibited a large Microtome which Messrs. 


- J. Swift and Son had constructed for him. 


It is suited for the preparation of sections of considerable size which 
are cut under spirit from masses of tissue embedded in or infiltrated 
with celloidin, paraffin, or similar material. He also shewed some large 
sections of lung, and some sections of entire eyes, which had been 
prepared by the celloidin method. 

further exhibited 

(1) A section of a guinea-pig’s retina prepared with osmic and 
chromic acids shewing the course taken by the Miillerian fibres in the 
outer layers of the retina, 


(2) A section of guinea-pig’s retina shewing the eosinophilous — 
property which the Miillerian fibres exhibit, and also the results of the 


destructive (histological) influence which picric acid exerts on the 
outer nuclear and rod and cone layers. 

(3) A fragment of retina stained in a manner similar to (2) but 
fixed in chloride of zinc instead of picric acid. 

(4) A section of the retina of dog shewing a large capillary in the 
outer molecular (internuclear) layer. 


5. Mr CROoKSHANK exhibited numerous microscopical 
preparations of various forms of Bacteria. He drew attention to the 
peculiar and characteristic mode of growth of some micro-organisms 
upon the surface of solid nutrient media, demonstrating as an example 
a cover-glass impression-preparation of a bacillus occasionally present in 
the air which appears to be quite unique in the form it assumes when 
growing upon the surface of nutrient gelatine. Unable to find any 
description of this bacillus he had carefully studied its life history, and, 
from its mode of growth, the name bacillus figurans was suggested. The 
bacillus is non-pathogenic. 

Several preparations of Actinomyces were demonstrated illustrative 
of staining by the methods of Weigert and Plaut. The sections were 
taken from a bovine maxillary tumour and a case of bovine actinomycosis 
in the lung. Staining the micro-organism by these methods clearly de- 


-monstrated its fungoid character, so that the appearance in the lung 


could not possibly be mistaken for calcareous striation, as had been 
suggested at a recent meeting of the Medico-Chirurgical Society. 
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OF THE 


PHYSIOLOGICAL SOCIETY, 


1886. 
No. I. 


February 13. UNIVERSITY COLLEGE. 


1. Dr Mac Munn deseiibied a method for the isolation of 
myohaematin. He finds that it is a crystallizable proteid, crystallizing 
mostly in rhombic prisms, the crystals when dissolved in water giving 
all the reactions of a proteid. Each crystal when large enough also 
shews the myohaematin spectrum. A full account of this proteia and 
the method of isolating it will be published shortly elsewhere. 
Myohaematin contains small quantities of iron and sulphur. The 
crystals and solutions of this body were exhibited. 

Dr Mac Munn also demonstrated the presence of haematoporphyrin 
in the integument of the earthworm (Lumbricus terrestris). It occurs 
in the peculiar streak on the dorsal surface of the animal. This portion 
without any treatment gives a four-banded spectrum which 
belongs to neutral haematoporphyrin. On dissecting away this 
part and treating with acidulated alcohol, a purple-red solution is 
obtained which shews the spectrum of acid haematoporphyrin ; and a 
solution shewing the spectrum of alkaline haematoporphyrin is also 
easily obtained. It had been previously proved by the same observer 
that haematoporphyrin occurs as such in the integument of Uraster 
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rubrum and in that of various slugs, e.g. Arion ater and Limax; he 
also finds that Prof. Moseley’s polyperythrin is closely related to, if 
not identical with, the same colouring matter. A full description of 
these pigments will be published shortly. 


2. Dr HALLIBURTON made a preliminary communication on the 
haemoglobin crystals of rodents. The research was undertaken at 
Professor Lankester’s suggestion in order first to ascertain whether 
the six-sided crystals obtained from the blood of certain rodents really 
belonged to the hexagonal system, and secondly to find an explanation of 
the difference of crystalline form that haemaglobin presents in different 
animals, while in wes other chief properties haemoglobin is universally 
the same. 

The three animals in which the haemoglobin is stated to crystallize 
in six-sided plates by previous observers, are the mouse, hamster, and 
squirrel, 

Hamster’s blood bas not been examined in this research; the 
_ crystalline form of mouse’s haemoglobin was found to be rhombic 
needles; and observations on squirrel’s haemoglobin shewed that it 
crystallized in six-sided plates. 

The animals, the blood of which has been chiefly used in the following 
experiments, are the rat and guinea pig as types of animals whose 
haemoglobin crystals are rhombic prisms and tetrahedra respectively, — 
and the squirrel as the type of those in whom the crystals obtained are 
six-sided. 

Examination by polarized light of the squirrel’s crystals shewed that 
they remained dark in all positions when placed between crossed Nicols, 
in the dark field of the polarizing microscope. This is in favour of their 
being true hexagons which belong to the optical division of crystals 
known as uniaxal, instead of their being rhombic plates with “hexagonal 
habit” (such as copper-glance crystals in the mineral kingdom), or twins 
composed of three adjacent parallelograms or six triangles, which 
crystals are optically biaxal. Examination of the crystals in convergent 
polarized light yielded negative results; on account of their small size 
and extreme tenuity they shewed neither rings nor cross. The 
diagnostic shape of these interference figures could not on this account 
be used as a confirmatory test as to which optical divisions of crystals — 
they belonged. 

.. Experiments were thus instituted to determine whether the difference 
in crystalline form be due to some agency in the blood external to the 
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haemoglobin, or to some property inherent in the haemoglobin itself. 
Crystallizing the haemoglobin of one animal from the serum of another 
yielded negative results: squirrel’s haemoglobin remained hexagonal, rat’s 
and guinea pig’s rhombic prisms and tetrahedra respectively, whatever 
the serum in which they had been dissolved. A similar result followed 
crystallization from a fluid consisting of serum plus the dissolved 
stromata of the corpuscles of some other animal. This was obtained by 
adding to the blood one-sixteenth of its volume of ether, and letting it 
stand ; crystals of haemoglobin form and are filtered off; and the ether 
is then evaporated from the filtrate which consists of serum with the 
_ stromata of the corpuscles dissolved in it. So far these experiments 
shew that the difference of crystalline form is due to some inherent 
quality of the haemoglobin itself. 

Another set of experiments was performed with the object of 
breaking down the hexagonal constitution of the haemoglobin of 
squirrel’s blood. The first method tried was driving off the water of 
crystallization, and on adding water again to watch the crystals that 
formed. This method was impracticable, for a temperature sufficient to 
drive off the water of crystallization even in a Torricellian vacuum 
was also sufficient to so decompose the haemoglobin that no crystals 
could be obtained from it. 

The next method adopted was to convert the haemoglobin into 
methaemoglobin, then by reducing agents to form once more 
haemoglobin, and to obtain crystals of this, So far however the 
reducing agents used have hindered the formation of crystals. 

The third and simplest method was to repeatedly recrystallize the — 
haemoglobin, when it was found that the crystals formed were no longer 
six-sided, but a mixture of rhombic needles and tetrahedra. The reverse 
experiment of mixing together the blood of the rat and guinea pig, or of 
solutions of the pure haemoglobin of those animals, and examining the 
crystals that formed shewed that they were in:shape rhombic crystals 
with hexagonal habit, no needles or tetrahedra being present. _ 

The theory was advanced that the difference in crystalline form was 
either a case of amorphism or more probably dependent on the varying 
amount of water of crystallization present (Hoppe-Seyler). This would 
account also for the ditferent solubilities of the haemoglobin of different 
‘animals, The reason however why haemoglobin should unite with 
different amounts of water does not as yet appear, but some of the 
above experiments shew that haemoglobin will crystallize in a form other 
than that in which it usually does. The crucial experiment as to 
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whether the water of crystallization in these cases is different has not as 
yet been tried. 

In connection with the methaemoglobin experiments mentioned 
above, it may be mentioned that a simple method of preparing 
methaemoglobin crystals is to shake a few cubic centimetres of 


defibrinated blood with a few drops of nitrite of amyl in a test tube 


for about a minute. A drop of the mahogany-coloured liquid so formed 
placed on a slide and covered yields in a few seconds an abundant crop 
of crystals. In the guinea pig these are tetrahedra; in the squirrel and 
rat they have the same form, namely a mixture of hexagons and rhombic 
prisms, the former greatly predominating: 


_ §$. Mr Braprorp demonstrated the electrical phenomena accom- 
panying secretion in the submaxillary gland of the dog, and made a 
communication of which the following is an abstract. At a previous 
meeting of the Society it was shewn that the electrical phenomena in 
the su maxillary gland of the dog were different, according as to whether 


the chorda tympani or the sympathetic was the nerve excited; in the 


jormer case, the outer surface of the gland became negative to the hilus, 
in the latter positive to the hilus. Now, however, it can be shewn that 


the sign of the variation is intimately related to the nature of the 
secretion. 


If the chorda be excited with subminimal stimuli, so that oe 


secretion is obtained, a variation similar in sign to the usual sympathetic 
variation is obtained, i.e. outer surface of gland positive to hilus. If 
the strength of the excitation be now very slightly increased, so that a 
small amount of secretion is obtained, a diphasic variation will usually 
be detected, and on increasing the excitation so that a copious flow of 
saliva takes place, the usual chorda effect is seen, i.e. a large deflection 
shewing outer surface of gland negative to hilus, These facts together 
with the action of small doses of atropine in abolishing the first or main 
phase (i.e. outer surface negative), and having a small second phase 
like the one obtained with subminimal stimuli, seem to point to the 
conclusion that the above small second phase is always present but is 
obscured by the magnitude of the first phase. 

Further in an apneic animal it was observed that on chorda 
excitation practically no secretion was obtained, but on recovery from 
apnoea a fair amount; in the former case the variation consisted of a 
second phase, in the latter of the usual variation. — 


Usually, as mentioned above, the sympathetic yields a pure second 
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phase, and with the excitations employed only a trace of secretion. 
Under certain circumstances, however, e.g. exhaustion of the gland, 
excitation of the sympathetic produces a copious watery secretion after 
a long latent period. In these cases the electrical phenomena are as 
follows: during the latent period, whilst there is no secretion, the usual 
small second phase is observed, but immediately the secretion begins a 
large first phase is seen, and if the secretion is at - copious this 
variation is as large as in the case of the chorda. 

These facts seem to point to the conclusion that a copious secretion 
is accompanied by a variation indicating the outer surface of the gland 
to become negative to the hilus. 

Parotid of Dog. Excitation of the tympanic pleaus ¢ causes the 
surface of the gland to become negative to the hilus. (One electrode is 
placed on the hilus, and the second on the surface of the gland near its. 
posterior border.) This variation is readily abolished by small doses of 
atropine, having, as in the case of the submaxillary, a small second 
phase of opposite sign. Excitation of the sympathetic causes the 
surface of the gland to become positive to the hilus, provided no 
secretion occurs, but if, as occasionally happens, some secretion is 
obtained, then a diphasic variation is seen. | 

In the parotid of the cat similar results are obtained, but owing to 
the fact that excitation of the sympathetic causes in this animal a free 
secretion the variation is more often diphasic. In this animal excitation 
of the cervical sympathetic sometimes fails to produce any secretion, but 
if the superior cervical ganglion be then excited a free secretion is 
obtained. 

The above facts seem to justify the hypothesis, that on excitation of 


_ secretory fibres, the changes produced in the gland cells are accompanied 


by an electrical variation shewing the surface of the gland to. 
become negative to the hilus; and that on excitation of the so- 
called trophic fibres, a variation is ‘obtained shewing the surface of 

the gland to become positive to the hilus. : 


4. Dr Stpney MARTIN made a preliminary communication on some 
of the properties of peptones. There are two methods by which all the 
proteids in a solution except peptones are precipitated. The first, 
Hofmeister’s, consists in boiling the liquid with freshly-prepared ferric 
acetate: the second, in saturating with sodio-magnesium sulphate. 
Many experiments have demonstrated the accuracy of this latter 
method : peptones are not even partially precipitated. Thus a mixture 
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of proteids in solution may be analysed by first saturating with 
magnesium sulphate, throwing down the globulin, then saturating with 
sodium sulphate, which by forming the double salt, sodio-magnesium 
sulphate precipitates the albumin, the albumoses and vitellin-peptones 
remain in solution. (For details concerning this method see a paper in 
the Journal of Physiology, Vol. v1., “The Nature of Papain” etc.). 

In 1884, Heynsius stated that peptones were completely precipi- 
tated by saturation with neutral ammonium sulphate: this was denied 
by Kiihne in 1885, and on Kiihne’s results Wenz and Pollitze have 
based their experiments. It seemed therefore necessary to see whether 


_ ammonium sulphate to saturation really did precipitate peptones. It 
was found that the greater part of the peptones was precipitated ; but — 


that the small remaining: quantity was with difficulty thrown down, if 
the liquid were shaken only for a short time. To prove that peptones 
were precipitated, a solution of Darby’s fluid meat was made, shaken 
with an excess of ammonium sulphate and the precipitate collected. 
After washing with a saturated solution of the salt, the precipitate was 
dissolved in distilled water and boiled with ferric acetate, after Hof- 
meister’s method, so as to remove any albumoses present. The filtrate 
gave no precipitate with nitric acid, but well-marked xanthoproteic and 
biuret reactions: no precipitate with copper sulphate. This filtrate 
contained then a true peptone; deutero-albumose was absent, since 
copper sulphate gave no precipitate and saturation with sodium chloride 
in acid solution also gave no cloudiness. The experiment distinctly 
shews that peptones are precipitated, in part at least, by saturation 
with neutral ammonium sulphate. More extended experiments are 
necessary to see how complete the precipitation is with prolonged 
shaking. | 

Experiments were performed with gelatin-peptone which is, for the 
most part, readily and completely precipitated by saturation with 
ammonium sulphate, shaking the liquid only with the hand: if the 


_ shaking be continued for several hours in a machine, all the peptone is 


precipitated. The peptone was prepared by the action of glycerine- 
extract of pig’s pancreas on a solution of purified gelatine. The 
solution of the peptone gives no precipitate with nitric acid; but in 
the presence of a certain amount of ammonium sulphate (beyond half 
saturation) nitric acid causes a precipitate, which dissolves on heating, 
reappears on cooling etc., in fact behaves like an albumose. 

Gelatin-peptone is not precipitated by saturation with sodio- 
magnesium sulphate. 
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5. Dr Rinaer, F.RS. “On the effect on frog’s muscle of the 
deprivation of lime salts.” 3 


6. Dr Marcet, F.RS. “On a new and accurate method of de- 
termining the amount of carbonic acid in expired air.” 


7. Dr “Preliminary Communication on the influenc® 
of the Vagus on fibrillar contraction of the Heart.” 


8. Prof. Scuirer, F.R.S, and Mr Victor Horstzy. “Demonstra- 
tion of the hemianesthesia of Monkeys in which the gyrus fornicatus 


been removed.” 
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~PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1886. 


No. II, 
March 20. OXFORD. 


1, Dr Gorcn demonstrated the polarising effect produced on nerve 
tissue by the brief passage of an electric current through it, and the 
diminution in this effect caused by the active state of the tissue. 


2. MrG. A. BucKMASTER communicated the following on “ stair- 
case” contractions : 

The phenomenon of a “staircase” of contractions worked out by 
BowDITcH, and others, in the case of the cardiac muscle, is also a constant 


phenomenon in the skeletal muscles of warm-blooded (rabbits, cats) and 


cold-blooded (frogs) animals, when single contractions caused by 
induction-shocks are registered as straight lines on a slowly revolving 
cylinder. As far as frog’s muscles are concerned, the form of the 
“staircase” is modified neither by the arrangement of the electrodes on 
the muscles nor by the substitution of non-polarizable for ordinary 
electrodes. In the case both of direct and indirect stimulation, with 
excised and non-excised muscles, and with curarised and unpoisoned 
frogs the phenomenon remains a constant one. If the summits of the 
straight lines which build up the “staircase” be joined by a line this - 
will be found to be a hyperbolic curve, Consequently, the increment by 
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which each contraction exceeds (up to a certain limit) the preceding one 


is not of the same value. In some cases in a series of contractions the 
contraction which succeeds the first is shewn to have a diminished 
height, and the third to be less than the second, the true formation 
of the staircase commencing with the fourth. 

With reference to the strength of the stimulus, and the time-interval 
between successive contractions the following may be stated. In a 
series of contractions, which leads to no fatigue of the muscle, the 
general form of the “staircase” is independent of the strength and 
frequency of the stimulus, and is always a hyperbola. The greatest 
height to which the contractions in a series can mount is independent of 
the frequency of the stimulations; an increase in the number of 
‘stimulations in the unit of time has the effect of causing the staircase 
more quickly to reach the maximal height. With the strength of the 
single stimulations, the height which the staircase can reach increases 
within certain limits. 


3. Drs WALLER and REID. shewed the diphasic variation in the 
ventricles of the spontaneously beating excised heart of a dog recently 
killed; the galvanometer indicated negativity at base (1st phase) 
followed by negativity at apex (2nd phase). Drs WALLER and REID also 
shewed the diphasic variation of the beat provoked by a mechartical 
stimulus; the galvanometer indicated negativity at the nearer leading- 
off slecteods (1st phase) followed by — at the further leading- 
off electrode (2nd phase). 

Drs WALLER and REID gave an account of some of the results they 
have obtained in the course of a research upon the excised mammalian 


heart (dog, cat, rabbit, rat, guinea-pig, — An account of these 
will shortly be given elsewhere. 


4. Pror. GERALD YEO showed some tracings drawn by electric 
signals with the object of testing Dr TIGERSTEDT’s results concerning 
the latent period of the skeletal muscle of the frog. Dr Casu had.also 
repeated TIGERSTEDT’s experiments and so far had arrived at the same 
conclusions as Prof. YEO; viz. (1) That the electric signal is a more 
accurate method of determining the beginning of the contraction than 
the curve drawn by the muscle. (2) That the earlier measurements 
made by CasH and Yxo were slightly too long. (8) Many of 
TIGERSTEDT’S measurements appear to be too short; and 0°005” is 
decidedly below the normal. The irregularity in some of his results 
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seems to show that the reasons why these differ from those generally 


accepted are (a) want of delicacy of his recording surface, (b) the post- _ 


ponement of the marking of the time of stimulation until after the 
experiment, (c) the use of too strong stimulation, and (d) too high a 
temperature. Drs CasH and Y£o hope shortly to publish the details of 
their results in the Journal of Physiology. 


5. Mr F. H. Brown exhibited an opalescent solution in lime water 
of the casein of milk, freed from fat and salts by Hammarsten’s 
acetic acid method, and demonstrated the influence of calcium chloride 
and phosphoric acid in determining the coagulation thereof by rennet. 


6. Mr Drxey exhibited: 

(1) Sections of ear-cartilages from the rabbit, guinea-pig, cat, dog 
and ox. Those from the rabbit and guinea-pig showed in every 
instance the presence in the cartilage-cells of large quantities of fat; 
the fat in many cases constituting almost the whole substance of the 
cell. Those on the other hand from the cat, dog and ox showed no 
trace of fat whatever in any part of their extent. 

(2) A microscopic preparation of the electric organ of elite | 


7. Mr Laws showed specimens illustrating the morphological 
changes in anthrax bacillus when grown at a high temperature. These 
changes in form he found to be associated with a permanent diminution 
of pathogenic activity. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1886. 
No. III. 


May 15. CAMBRIDGE. 


1. Drs WALLER and REID communicated further results of 
experiments on the mammalian heart with the capillary electrometer. 
Photographs were shown of the electrical variations of the cardiac 
contractions, both excited and spontaneous, also of the variations of the 
human heart. 


2. Dr J. BLAKE made some remarks:on the discordant results 
that had been arrived at by different observers in investigating the 
connection between chemical constitution and physiological action. 
BRUNTON and CASH in a paper published in the last Vol. of the Trans. 
of the R. S. had concluded that no such connection could be shown, 
whilst RICHET, RINGER, and BoTHrRIN had arrived at the conclusion 
that such a connection existed when the chemical constitution of the 
elements was considered in relation to Mendelejeff’s law. He (Dr 
BLAKE) had published forty-five years ago in a paper read before the 
Royal Society what he considered was the relafion between chemical 
constitution and physiological action, viz. that substances in the same 
isomorphous group exert analogous physiological action when introduced 
directly into the veins or arteries, and a large number of experiments 
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made with compounds of more than forty of the elements had ‘he 
believed fully established the truth of the connection of physiological 
action with isomorphism. The experiments which were performed by 
BRUNTON and CasH were not calculated to throw any light on the 
subject, as the reagents they employed were principally substances of 
the chemical constitution of which little is known, and the method 
they used, that of subcutaneous injection, introduces so many unknown 
factors that the results are comparatively worthless. By employing 
the same method RicHET considered not only that he had proved the 
connection between physiological action and chemical constitution, 
but that he could even calculate a toxicological constant as a function 
of the atomic weight. Both in these experiments of RicHET and in 
those of BoTHrin their authors have been led into.error by mistaking 
the arrest of the circulation caused by obstruction in the pulmonary 
arteries, as is the case with the salts of lithium 1ubidium and caesium 
with that caused by the paralysis of the heart that follows the injection 
of the salts of potash into the veins. 

In answer to a question, Dr BLAKE observed that isomorphism 
although founded principally on the form assumed by the crystalline 
compounds of an element, yet connoted a great deal more than mere 
resemblance in crystalline form, isomorphous elements resembling each 
other in many of their more marked chemical functions. _ 


3. Prof. Roy exhibited a specimen of, and made rémarks on, an 
organism observed in the bodies of patients dying of cholera in Spain. 


4. Dr S. Martin made a preliminary communication on the 
results he had arrived at in an investigation on the nature of gluten 
of flour. 


5. Dr J. THEODORE CasH made a communication regarding 
peristaltic movement in the small intestine of a dog upon which a 
fistula had been established. He enumerated the various causes which 
_ he had found effective in modifying the oceurrence of contractions in, 
and in varying the speed of transmission of a solid body through, the 
fistulous intestine. Amongst these causes were mental impressions, 
the act of deglutition, the introduction of food into the empty stomach, 
the condition of active digestion, exercise, etc. The animal was not — 
subjected to the action of any narcotic nor was it in any way bound or 
restrained. 
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6, MrJ.N, and Mr J. 8. Epxrs, “On Pepsinogen and 
Pepsin.” It was our object, in beginning our experiments, to find out 
some satisfactory method of determining the relative amounts of pepsin 
and of pepsinogen present in any given fluid, and then by means of the 
method to determine whether pepsin as well as pepsinogen is — in 
the gastric glands, 

Whilst we have found two methods which under certain sosidinlens 
give approximate results, we have not so far succeeded in finding any 
method which will determine with certainty the presence or absence of 
small amounts of pepsin. 

(1) The first method is a modification of that previously used by 
one of us. It depends on the power of sodium carbonate to destroy 
pepsin being much greater than its power to destroy pepsinogen. On 
adding sodium carbonate solution to a neutralized acid extract of a 
gastric mucous membrane, i.e. to a fluid containing pepsin, there is an 
immediate destruction of a large part of the pepsin, Then if equal 
volumes of such an extract and of a 1 p.c, sodium carbonate solution are 
taken, ths to {ths of the pepsin are destroyed in fifteen seconds, The 
amount destroyed varies inversely as the amount of peptone and of 
proteids present. When an aqueous extract of a frog’s cesophageal 
glands is similarly treated, the digestive power of the solution is only 
slightly diminished, usually about jth. Whether the slight destruction 
in this case is due to the destruction of the pepsinogen or to the 
destruction of some pepsin present is an open question. 

(2) The second method depends upon the power of carbonic acid t to 
destroy pepsinogen being greater than its power to destroy pepsin. If 
an aqueous extract of a frog’s cesophagus be taken, and a stream of CO, 
passed through it for half-an-hour, }%ths to §%ths of the digestive power 
of the fluid is destroyed; whilst if the aqueous extract be warmed with 
dilute acid, neutralized, and then a stream of CO, passed through it, 
there is little or no loss of digestive power. 

Unfortunately the destruction of pepsinogen by COQ, is appreciably 
lessened by a very small amount of peptone, and in the presence of ‘5 to 
1 p.c. peptone, and possibly even less, no destruction at all takes place. 
Since the treatment of the aqueous extract with dilute acid allows some 
_ peptone to be formed, the absence of destruction of pepsin might be due 
to the presence of peptone. That this is not the sole reason is however 
shown by the fact that if an amount of peptone, greater than that 
contained in the pepsin extract, be added to the pepsinogen extract, 
some destruction of pepsinogen may still take place. But here as with 
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Na,CO, the difference in the behaviour of pepsinogen and of pepsin is 
apparently only one of degree and not of kind, for in the only case in 
which we obtained pepsin without any appreciable trace of peptone, a 
destruction of pepsin took place on passing CO, through the solution. 

During the passage of CO, through the aqueous extract containing 
pepsinogen, a precipitate of globulins is produced ; it might be supposed 
that the globulins had mechanically carried down unaltered pepsinogen. 
This however is not the case, since the precipitate dissolves, for the 
most part at any rate, in dilute hydrochloric acid, but the acid fluid has 
very slight digestive power. 

There are one or two other points with regard to — and 
pepsin which we may briefly mention. 

The pepsinogen in an aqueous extract of a frog’s mitigate gland is 
rapidly destroyed by a temperature of 54° to 57°C., i.e. at the tempera- 
ture at. which some globulin or globulins in the extract coagulate. 
This does not however allow us to separate pepsinogen from pepsin, 
since pepsin is destroyed, although apparently more slowly, under like 
conditions. | 

The destruction of pepsinogen by CO, is increased by the presence 
of a small amount of neutral salt. 

The passage of oxygen through pepsinogen does not so far as we 
have observed convert it into pepsin. — 

Carbonic oxide gas has no appreciable effect on either pepsinogen or 
pepsin. 

As we have said above, the amount of pepsin in the cesophageal 
glands of the frog is at most slight, and that which is indicated as being 
present by the method of testing may in fact be pepsinogen. We have 


failed to find any increase in pepsin consequent on ‘Tajeotion of peptone 
into the dorsal sac. 


7. Mr Lea communicated some results at which he had arrived 
concerning the final results of the action of saliva on starch. 


8. Dr Hitt showed the skull, and preparations of the brain, of 
an idiot, with remarkable arrest of development of the cerebral hemi- 
spheres. 


9. Mr Secianiene exhibited a rabbit, in which he had placed a 
ligature round the optic nerve of the right side nine weeks previously. 
The operation had been performed with antiseptic precautions, and 
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the ligature used was of catgut, about a millimeter thick. This ligature 
was tied as tightly as possible. 

On the evening of the day of operation the retinal vessels as compared 
with those of the healthy side were reduced to very fine streaks, perhaps 
a tenth of their previous diameter; no pulsation could be produced in 
them by compression, although that was easily done for the other eye. 

The tension of the eyeball instead of being increased, as stated for 
rabbits by Prof. Stilling, was about —1. | 

Observation of the fundus was impossible for the next fortnight, be- 
cause of opacity of the media, but during the whole of that period the 
_ tension on the ligatured side was never so great as on the healthy side. 

At the present time, as was demonstrated, the tension was still lower 
than in the healthy eyeball. Moreover the retinal circulation has become 
reestablished, although the vessels, especially the arteries, are smaller 
than in the opposite side. 

Pulsation becomes evident in these vessels on pressure being applied 
to the eyeball, just as on the uninjured fundus of the left side. 

The right eye is however completely blind. The iris does not react 
to light. Otherwise the eye to cursory examination would appear normal. 
Closer observation detects merely a slight nebula, the remnant of a 
keratitis that occurred in the first fortnight following the operation; and 
the refraction has become myopic, and astigmatic, being —2D as 
measured on the vertical vessels of the disc, and — 3°5 D as measured on 
the horizontal. 

At the optic disc itself papillitis is passing into atrophy. 


10. Dr Gapow showed living specimens of Sphenodon. - 
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